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PREFACE

This document has been prepared by the Flight Control Division, Manned
Spacecraft Center, Houston, Texas, with technical assistance by Service
Technology Corporation (STC). Information contained within this docu-
ment represents the Apollo Lunar Surface Experiments Package (ALSEP)
systems for ALSEP 3 (ARRAY D) as of January 12, 1972.

This document is intended for specialized use by experiment flight
controllers in real-time and near-real-time operations.

Comments regarding this handbook should be directed to the Lunar/
FEarth Experiments Branch, Flight Control Division. Revisions will
be issued as required prior to the flight date.

This document is not to be reproduced without the written approval

of the Chief, Flight Control Division, Manned Spacecraft Center,
Houston, Texas.

Approved by:

g5 James E. Saultz
Chief, Lunar/Earth Experlments Branch

Chief, Flight Control Division
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. BASIC
[
SECTION 1
INTRODUCTORY INFORMATION
1.1 ABBREVIATIONS AND ACRONYMS
NOTE
Due to reduction requirements, acronyms
which would normally be in lower case,
for example, "dc," will appear in upper
case on drawings. The text will, how-
. ever, conform to NASA standards.
ac alternating current
ACCPT accept
ACK acknowledge
A/DC analog-to~digital converter
Ade amperes dc
£ ADD address
AGC " automatic gain control
ALHT Apollo lunar hand tools
ALIGN alignment
¢ ALSD Apollo lunar surface drill
ALSEP Apollo Lunar Surface Experiments Package
A/F automatic/forced
AMPS amperes
ANT antenna
APP approximate, approximately
ARM armed
ASC ascent
A;SE Active Seismic Experiment
ASI Apollo standard initiator
AUTO automatic
AZ azimuth
Bl bottom location of structure temperature
RAS base
BER bit error rate
BPS bits per second
c centigrade
CAL calibrate
CALC calculated
CB circuit breaker
CBL cable .
CCGE Cold Cathode Gage Experiment (part of SIDE on ALSEP 1, 4, and A2, separate
MSC experiment on ALSEP 3)
CCGE/A
CCGE/D} analog and digital ID readout from CCGE
CCIG Cold Cathode Ion Gage {instrument portion of CCGE)
CCW counterclockwise
CH channel
CH change
CHAN Channeltron; used in CPE as:.
CHAN/1 Channeltron P/S #1
CHAN/2 Channeltron P/S #2
CHAN/HI Channeltron Voltage Increase ON
CHAN/LO Chenneltron Voltage Increase OFF
CLD cold
CMD command
CNT count
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CNTS
CNTR
COoMM
CONV
CPLEE or CPE

Cps
cs
CTL
CUR
CVR
CVR/S
cVw
cW

db
dbm
de
DEC
DECR
DEF
DEG
DESC
DET
DIG
DIR
DIR/V
DISSIP
DLAY
D/P
DPLY
DRT
DSs
DSS/A
DSS/D
DSS/PROC
DTREM

EGFU
ENBL
EPS
eV
EXP
EXT

FET
FILT
FLD
FREQ
FIT

ALSEP 3
BASIC

counts
counter

communications

converter

Charged-Particle Experiment (full name is Charged-Particle Lunar Environment
Experiment )

cycles‘per second

central station

control

current

cover

cover and seal (used on SIDE)
command verification word

clockwise

decibels

decibels with respect to one milliwatt
direct current

decoder

decrease

deflection

degrees

descent

detector

digital

direction

direction and speed {used on PSE)
dissipation

delay

data processor

deploy

dome removal tool

Data Subsystem

Anslog Data Processor

Digitel Data Processor

Complete Data Processor (Redundant)
Dust, Thermal, and Radiation Engineering Measurements Package

Electronics/Gimbal-Flip Unit
enable

Electricel Power System
electron volts

experiment

external

fuse

Fahrenheit

field effect transistor
filter

fleld

frequency

fuel transfer tool

forward

s
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i

GDT gradient sensor delta temperatures (HFE)

GEQ geophone

GLA Grenade Launch Assembly (a component of ASE)

GMBL gimbal

GND ground

GT gradient sensor ambient temperatures (HFE)

HBR high bit rate

HE high explosive (ASE grenades)

HECPA High~Energy Curved-Plate Analyzer (a component of SIDE)

HFE Heat Flow Experiment

HI high .

HTR heater: On HFE there are two cases:

. HTR/HK High Conductivity Heater
HIR/IK Low Conductivity Heater

HS heat sink
- Hv high voltage
Hz hertz
ID identification
IN input
INCR increase
IND indication
INHIB inhibit
INIT initiate
INST instrument
INSUL insulation
INT internal
K Kelvin
kbps kilobits per second
ke kilocycles
kHz kiloherta
kv kiloveolts
LAT latitude
LBR low bit rate
LECPA Low-Energy Curved-Plate Analyzer (a component of SIDE)
L™ limit »
M ILunar Module
LO low
LONG longitude
L/0 local oscillator
LOS loss of signal
LP long period (PSE sensors)
J— LSB least significant bit
o LSD least significent data
LeM Lunar Surface Magnetometer
VL level
mA millismpere
mAdc millismperes dec
MAP message acceptance pulse




Me
MCC

MEAS
MeV
MHz
MIN
MOCR
MOD
MODE

ms
MSB
MSD
MSP
MSFN
MTR

mv

mw/cm2

N/A
NER
NEG
NORM

OPER
o/s
osc
o/T
our

PA
PA
PCM
PCT
PCU
PDM
FDR
PDU
PET
PHYS

PKG
PL
PLT
PM
POS

maximum

megacycle

Mission Control Center

mode

measurement

million electron volts

megahertz

minimum

Mission Operations Control Room

module

operating modes are defined as follows:
For HFE

MODE/G  gradient mode
MODE/HK high condictivity mode
MODE/LK low conductivity mode

millisecond

most significant bit

most significant data

measurement sequence programer

Manned Space Flight Network

motor; on PSE, the three motors are MIRX, MTRY, and MTRZ
multiplexer or multiplex

millivolts

milliwatts per square centimeter

nanocamperes

not applicable

normal bit rate

negative

normal

Non~Return to Zero Type C (Change)

operate
offset
oscillator
one-time

output

power amplifier

pleoasnmperes

pulse code modulation

percent

Power Conditicning Unit

Power Dissipation Module

power dissipation resistor

Power Distribution Unit

package elapsed time

physical; on CPE used as follows:
PHY/AN Physical Analyzer (sensor assembly)

package

plane

plate

phase modulation

positive

1-L
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POSN
PRE/LIM
PRE/REG
PRI

P/S
PSE

RCVD

RTC
RTE
RTG

SCI
SEC
SEL
SEQ

SEQ
SIDE

SIG
SLA
SNSR

ALSEP 3
BASIC

position
prelimiting
preregulator (a component of the SIDE power supply)
primary; on ALSEP used as follows:
PRI/ST primary structure
power‘supply
Passive Seismic Experiment; also:
PSE/LP long-pericd sensors
PSE/SP short-period sensors
PSE/LP/SP long- and short-period sensors
Long-period sensors are further defined as PSE/X, PSE/Y, and PSE/Z, while
PSE/XY denotes the two horizontal long~period sensors

power

resistor (used as Rl and R2)

received

receiver

ring sensor delts temperature {HFE)
reference

regulator (also used as "register" on ALSEP)
reverse

radio frequency

relay

remote site

reset

rate (as in BIT RT, CNT RT, etc.)
ring sensor ambient temperatures (HFE)
real-time command

real-time event

Radioisotope Thermoelectric Generator

scientific
second
select
sequence, sequential; used on HFE as:
SEQ/FUL  Full Sequence
SEQ/PL Probe 1 Sequence
SEQ/P2 Probe 2 Sequence
Used on ASE as:
SEQ/S Sequential Single
scientific equipment
Suprathermal Ion Detector Experiment; also:
SIDE/A analog and digital voltages
SIDE/D }
SIDE/HE  high-energy data
SIDE/LE  low-energy data
SIDE/LHE least significant hMigh-energy digital data
SIDE/LLE least significant low-energy digital data

or readings

SIDE/MHE most significant high-energy digital data
SIDE/MLE most significant low-energy digital data
signal
Spacecraft Lunar Module Adapter

sensor




SP
SpsT
STA
STBY
5/8
8/T
SWS
SYNC
sW
SUP
SYS

TC
T/D
TEMP
THERM

Vac
Vace
yco
V/FILT

w
W1, W2, W3

XMIR
XTAL
XY%
XYo

AISEP 3
BASIC

short period (PSE sensor)

single pole single throw

status

standby

samples per second, signal strength
structural/thermal

Solar Wind Spectrometer
synchronization

switch

supply

system

temperature (slso used as "thermal" on ALSEP)

thermocouple (on HFE, four cable ambient temperatures are read on each probe)
time delay

temperature

thermal

telemetry

Universal Handling Tool

unified S-band

volts, velocity (used to indicate "speed" on PSE in "LVL DIR/V")
volts ac

volts dc

voltage controlled oscillator

Velocity Filter, a component of SIDE

wattis
wall locations of structure temperature sensors

transmitter
crystal
axes of LSM, where XYO indicates

X, or Y, or neither

phase




1.2 DRAWING SYMBOL STANDARDS

1,2.1 GENERAL DRAWING INFORMATION

A. ZONE REFERENCE

HORIZONTAL COORDINATE=~ —, ~VERTICAL COORDINATE
AZl

XXX~ WHEN THIS NUMBER
APPEARS, IT REFERS
TO ANOTHER DWG ,
WHEN THERE IS NO
NUMBER, THE ZONE
REFERS TO ANOTHER
AREA ON THE SAME
DWG .

B. POWER INTRA-DRAWING ZONE REFERENCE

TO POWER
LOAD
_ FROM POWER
SOURCE

C. SYSTEM INTERCONNECT

—0

D. DRAWING NOTE REFERENCE

1.2.2 LINE LEGEND

A. RF CABLE

B. ELECTRICAL LINE, POWER AND CONTROL

P
Lt

1. ELECTRICAL, CONNECTED

|

£ 1-7
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2, ELECTRICAL, CROSSOVER

C. DIRECTIONAL FLOW ARROWS

— — P

D. COMPONENT ENCLOSURES (TYPICAL)

XXXXXX <——-P—TITLE
(DIRECTORY TYPE)

ot

L

1/16-INCH SOLID BLACK LINE

1. MAIN ENCLOSURE

2. SUB ENCLOSURE

1/32-INCH SOLID BLACK LINE

3. COMPONENT ENCLOSURE WITH CREW (MANUAL CONTROL v mm wem
1/16-INCH DASHED BLACK LINE
4. EXPERIMENT INTERFACE

1/8-INCH DASHED BLACK LINE

EXPERIMENT § ALSEP

E. MECHANICAL LINKAGE

F. TIMING PULSES

sourzce—-< HZ >__ _____ .

G. TWO-UNIT INTERFACE

e
e




1.2.3 TELEMETRY SYMBOLS

A. MEASUREMENTS TELEMETERED

B. METERS

MEASUREMENT NUMBER
MEASUREMENT NAME

PARAMETER RANGE
CHANNEL OR NOTE
NOT USED IN ALSEP

ACTUAL

ART WORK

C. SINGLE SOURCE'SENSOR

(POWER)

D. COMMANDS

OUTPUT

T = TEMPERATURE
j = CURRENT
E = VOLTAGE

‘—@4—- COMMAND NUMBER

1.2.4 ELECTRICAL SYMBOLS
A. SWITCHES

1, MOMENTARY CONTACT

DS o f—

J
2. LATCHING CONTACT

DS o

*r———

3. SOLID PUSHBUTTON

(PUSH TO OPEN)

_____.._L—

—eTe—

—_— &

B. FUSES

MA

___.0’\9_...._

C. RELAYS

1. MOMENTARY CONTACTS
[ N
2. LATCHING CONTACTS
[ S

3. NON-LATCHING RELAY
SHOWN IN DE-ENERGIZED
POSITICN

I

| A——
* NOMENCLATURE
LOGIC NO.
4. LATCHING RELAY

Y

[ S—

I
NOMENCLATURE
* LOGIC NO,

ALSEP 3

BASIC
D. RELAY OR SOLENOID DRIVER
POWER >——1
RD
SIGNAL R
1
PWR |
{
E. BUSES - 4

1. SYMBOL (LENGTH MAY VARY)

BUS FEED  BUS OUTPUT NEG BUS

2. DESIGNATION

\/XXX

F. GROUNDS

1. SYSTEM

I

2. FLOATING OR CONTROLLED

;XXX<—— NAME

G. TRANSFORMERS

-~ CORE

Py POLARITY DOTS
° INDICATE OUT
OF PHASE
g i POLARITY DOTS
* ® INDICATE IN
PHASE

____H____

H. CAPACITOR

I. DIGITAL INVERTER

J. GATES
1. AND
L J
2. NAND
®




(T
& ',

S

s .

4. NOR

K, TIME DELAY

0
— MS

L. ELECTRICAL FILTER

M. MODULATOR

M ]
g

N. DEMODULATOR

o}
L2

0. TRANSISTORS
1. NPN

9

NOTE: WHEN SHOWN, HS DENOTES
HEAT SINK MOUNTED.

2. PNP

4

3, UNIJUNCTION TRANSISTOR (UJT)

i wT

P. NON-AMPLIFYING DEVICE,
IDENTIFIED

XXX

Q. DIODES

1. GENERAL

!

2. ZENER

j

3. CONTROL RECTIFIER

?

'R, POTENTIOMETER

N

S. HEATER

=

XXX WATTS
T. FIXED RESISTOR

XXX RATING
—AANN——

U. THERMISTOR

e

V., THERMOSTAT

_IX/'_

RANGE XXX

1-9
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W. ANTENNA

NAME
(TYPE OR FUNCTION)

_Q

X. PHOTOELECTRIC CELL

o }
=
-

Y. AMPLIFIER
INPUT
INPUT
INVERTED OUTPUT
INPUT PU

Y

DC, PRE-, OR BUFFER AMPLIFIER
AS INDICATED

Z. CIRCUIT BREAKERS

1. AUTOMATIC

2, TWO-POLE, DOUBLE-THROW,
AUTOMATIC

|

1.2.5 PYROTECHNIC SYMBOLS

A, EXPLOSIVE INITIATOR
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1.2.6 SPEGIAL ALSEP SYMBGLS C. GROUND PLANE (USED ON SIDE)

r—---—--1

A. ASTRONAUT

SWITCHES i ore 1
E-H 1
— 1 &—i-

"1,

1. ASTRONAUT :1800@
SWITCH 1
I
1
]

ASTRO SWITCH 1
L-------J

BY-PASSES PCU 1
HOLD OFF CIRCUMT,
SHOWN IN CCW
POSITION

2. ASTRONAUT SWITCH 2

r---—---1
|
1

1 D. FARADAY CUP (SWS SENSOR)

P

TURNS ON XMTR B AND ]

]
o'/_\ | DATA PROCESSOR Y
180 I ANDRESETS CMD
{:} | RECEIVER CIRCUIT
§ EREAKER. SHOWN

IN CCW POSITION

ASTRO SWITCH 2 j

L-------

3. ASTRONAUT SWITCH 3

i

-y r s K B R X B N _§ B |}
) EXP 30N 1 hr—‘ I
§ EXP 4 ON 1
1
I rUrNs TO oPERATE 1
b Exp 1(PSE), EXP 2 —
¥ (wsw), EXP 4 (siDE),
| AND EXP 3(SWS),
H I N THAT ORDER E. COLD CATHODE 10N GAGE
I § (MOMENTARY
1 g CONTACTS) 1050 GAUSS
i ASTRO SWITCH 3 1 MAGNET!IC FIELD
l------—-------l

L
N

B. SIDE SENSOR ASSEMBLY

- CATHODE
o Covee
APERTURE %0 2 APERTURE MO 1
g - ANODE.
- Cortmaron
COLLAT OR —ometn]

VELOCITY
e Cor- 0 S [ A S— A R
CHANKELTRON N0 2 01

‘-é l\i HIGH

VOLTAGE
INPUT L

COLLMATOR

NIGH ERERGY CURVED LOW ENERGY CURVED
PLATE ANALYZEN PLATE AMALYZER

d
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F. MOTOR (USED IN PSE AND LSM) |
!
I

(o L, _ponen

G. HEAT FLOW EXPERIMENT PROBE SECTION

THERMOCOUPLE ————9

COMMON,

r‘l_rL HEATER POWER INPUT
GRADIENT SENSOR BRIDGE EXCITATION VOLTAGE

RING SENSOR BRIDGE EXCITATION VOLTAGE

<af—————— GRADIENT SENSOR
RING SENSOR

) GRADIENT SENSOR BRIDGE
OUTPUT VOLTAGE

RING SENSOR BRIDGE
OUTPUT VOLTAGE
o HEATER
HEATER POWER INPUT

L

HEATER POWER RETURN

H. CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT COLLIMATING PLATES

ég/

/— DEFLECTION PLATES

1A

# »
i HELIX

YvY

CHANNELTRON ®
OUTPUTS

UV

P

1-11
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SECTION 2
GENERAL DESCRIPTION

ALSEP DESCRIPTION

The Apollo lunar surface experimenté package (ALSEP) system
consists of a set of sclentific instruments to be placed on
the moon's surface by the Apollo flight crew. These instru-
ments will remain on the moon to collect and transmit data for
a design goal period of two years. For self-sufficient oper-
ations, the ALSEP system includes a nuclear power supply,
mechanical support, thermal protection, and data handling
equipment. These supporting subsystems provide a central
station containing the electrical power, command, telemetry,
and structural/thermal subsystems to operate with the following
scientific experiment subsystems: passive seismic, active

seismic, magnetometer, and heat flow.
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H.F. pallet

RTG

electronics

H.F.

%)
%)
=}
[=]
A
o
Lo
T

PSE stool

SUBPACKAGE NO. 2

PSE

LSM

£
[}
=
<
=
©
]
o £
C o
=
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See drawing 2339380 (Bendix) for details

Figure 2~4, -~ Mortar package pallet
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SECTION &4 _
ELECTRICAL POWER SUBSYSTEM

SYSTEM DESCRIPTION

The electrical power subsystem provides the electrical power
for lunar surface operation of the ALSEP. Primary electrical
power is developed by thermoelectric action with thermal energy
supplied by a radioisotope source. The primary power is con-
verted, regulated, and filtered to provide the six operating

voltages for the ALSEP experiment and support subsystems.

The components are a radioisotope thermoelectric generator
assembly, a fuel capsule assembly, a power conditioning unit,

and a power distribution unit.

Radioisotope Thermoelectric Generator (RTG)

A. RTG commands - No command capability

B. RTG telemetry - Six temperatures (refer to Drawing 4.1),
one output voltage, and one output current (refer to Tables
6-VIT and 6-VIII)

C. Output - 68 watts, nominal (refer to Figure 4-1)

Power conditioning Unit (PCU)

The PCU performs three major functions:

A. Voltage conversion

B. Voltage regulation

C. RTG protection

Each power conditioner consists of a dc-to-de power converter
(inverter and rectifiers), which converts the RTG 16-volt input
to the six operating voltages, and a shunt current regulator

to maintain the output voltages within approximately *1 percent.
The input voltage is also regulated by this action by main-

taining & constant load on the RTG. It is necessary to keep

L1
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a constant load on the generator to prevent overheating of

the thermocouples in the RTG.

The +16 volts from the RTG is applied through the switching
circuit to the selected de-to-dc converter, applying power to
the inverter and completing the shunt regulation circuif.
Applying power to the inverter permits it to supply ac power
to the rectifiers that develop the dc voltages applied to the
filters. The outputs from the filters are the six operating
voltages applied to the data subsystem and experiments. Out~-
put and input voltages are rggulated by fee@back from the
+12-volt output to the shunt regulator. The +12-volt feed-
back is also applied to the switching circuit for over or
under voltage determination for automatic switching to the
redundaﬁt inverter and regulator, if necessary. All the out-

put voltages are regulated by the 12-volt feedback.

Power Distribution Unit (PDU)

The PDU distributes power to experiment and central station
subsystems and provides circuit overload protection and power
switching of selected circuits. The PDU also provides signal
conditioning of selected central station and RTG telemetry
signals prior to input to the analog multiplexer for analog-

to-digital conversion and subsequent data transmission to earth.

Power—off seguencer.- (Refer to Figure 4-2.) The power-off

sequencer of the PDU detects minimum reserve power and sequen-
tially turns to standby up to three preselected experiments

to bring the reserve power within acceptable limits. The
reserve power parameter is not downlinked as such, but is
calculated from TM parameters AE-3 (PCU IN VOLTS) and AE-5
(PCU 1 SHUNT AMPS):

(AE-3) (AE-5) = Reserve power

Lk
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(AE-3) (AE-6), when PCU 2 is operational. The minimum reserve
power is detected by monitoring the voltage across the shunt
regulator transistor. This voltage is applied to an operational
amplifier used as a level detector. An RC delay network is
employed at tﬁe output of fhe level detector. The output of
the delay is applied to a second level detector which drives
the power-off sequencer logic. This arrangement turns on the
power-off sequencer logic input gate when the reserve power/
shunt current drops below the following levels:
A. Reserve power/shunt current to start experiment turnoff
(135-ms delay): 0.78 + 0.57 watts (AE-3 assumed to
be constant at 16.0 volts)
B. SHUNT CURRENT (AE-5 or AE-6): .08 + .035 amp

Experiment turnoff sequence, via the power-off sequencer, is
as follows: '

A. Experiment 4 (HFE)

B. Experiment 3 (LSM)

C. Experiment 1 (PSE)

NOTE

Experiment 2 (ASE) is not
in the ripple off sequence.

The sequencer decoding gates are connected so that upon turn-
on of the logic input gate, an output ground level signal is
provided during the count between 1 and 9 milliseconds to the
HFE power standby relay driver. This relay removes experiment
operate power and applies power to the standby line. If the
overload persists, the ground level signal supplied to the HFE

standby line is removed and a ground level signal is applied to

46
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the LSM power standby command input during the next 8-millisecond
period (when the count is between 9 and 17 milliseconds). If
overloading persists, the sequencer could continue in the same
manner until the passive seismic experiment (PSE) is in the standby
mode. If, however, the overload is removed within the sequence,
the counter will be reset in 2 milliseconds after a satisfactory
power reserve signal is obtained, thus stopping the sequence., Note
that the power-off sequencer action places the experiments to STBY

ON from either an OPER ON condition or from a STBY OFF condition.

Temperature sensor circuit.- Operational amplifiers are used

to amplify the resistive bridge outputs for the RTG hot and
cold junction temperatures. The temperature sensors located

on the RTG are platinum wire sensors (see Drawing 4.1). Bridge
excitation is 12 Vdc on both the hot and cold frame temperature

circuits.

Nickel wire temperature sensors are used in dividers to monitor
exposed structural temperature, multilayer bag insulation
temperatures, and sunshield temperatures. The circuit is a
simple divider consisting of 12 Vdc supplied through 5900 chms
and the sensor to ground. The output analog signal is taken
across the sensor, providing a linear response from -300° to

+300° F. (Refer to Section 3 for sensor locations.)

Thermistor sensors are provided to monitor temperatures within

the central station and subsystems. The sensor ranges are
between -50° and +200° F (See Drawing 3.2).

Power control.- (Refer to Drawing 4.2.) Power control is

provided by ground commands and/or astronaut switch functions
causing the command lines to go to ground potential, thus

actuating relay drivers and their associated relays.
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Four transistorized relay drivers, magnetic latching relays,
and one magnetic latching relay acting as an overload sensor
(circuit breaker) perform the control and circuit protection
function for each experiment. The experiment standby power
line is fused at 500 mA. Three coﬁmand inputs are provided
for each experiment power control circuit:

A. Experiment operate select

B. Experiment standby select

C. Experiment standby off

The three command inputs operate one or both of two power
swiltching relays. One relay provides the selection of either
standby power or operational power. The other interrupts the
standby power line. The receipt of an experiment operate
select command will transfer the relay to a position which
provides power through the current sensing coil of the circuit
breaker relay to the experiment electronics. A second com-
mand, standby off, operates the relay coil of the standby
power interruption relay to open the circuit supplying power
to the standby line. The standby select command, however,
operates on both relays. The standby select command actuates
both relays to the positions that supply power to the standby
line. To place an experiment from operate to standby off, the
standby select command must be executed prior to the standby

off command.

Circuit breaker resetting is provided by internally generating
a standby select command using the contacts of a current
sensing relay. Should an overcurrent condition exist through
the sensing coil in series with the experiment operational
power line, the contacts of the sensing relay break the
standby select command line and apply a ground signal to each

of two relay drivers. One relay driver operates the power

L-8
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select relay to the standby power position. The other driver
operates the standby power interruption relay to close the |
contacts supplying power to the standby power line. Operation
of the standby power interruption relay provides power to the
reset coil of. the overload sensing relay thereby resetting

its contacts to permit normal standby select command inputs.

Transmitter power control and overload protection uses two
power control relays, four overload sensing relays, and
associated relay drivers. Four commands are required:

A. Transmitter on

B. Transmitter off

C. Transmitter A select -

D. Transmitter B select

The transmitter on and off commands operate the double-pole
double~throw relay K-OU, which switches both +12 Vdc and +29 Vdc
to the transmitter select relay K-05. When the transmitter

is off, +29 Vdc is switched to the 8.k4-watt transmitter heater.
Of either transmitter A or transmitter B +29 Vdc power line is
overloaded, the contacts of the overload sensing relay transfer
the transmitter select relay to supply power to the alternate
transmitter. When power is transferred to the alternaté
transmitter, the circuit overload sensing relays are both

reset and the normal command inputs. are restored. Diplexer
switching power, required only when transmitter B is selected,
is obtained directly from the +12 Vdc transmitter B power line.
Note that the transmitters do not use +12 Vdc.

The command receivers require +12 Vdc for operation. The
+12 Vde line is provided with overload protection using
parallel 125 MA fuses.
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For data processor power control, redundant electronics are
switched using standard magnetic latching relays. These
relays are controlled by ground commands. Overload protection

is not provided.

DSS heater 1, 2, & 3, power dissipation resistors 1 & 2, are
switched off and on by ground command only. DSS heater 3 is

thermostatically controlled.

Lk-10
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TABLE 4-I.- PCU QOVER AND UNDER VOLTAGE

[Over and under voltage sensing circuit - an automatic
switchover circuit in PCU 1 which operates when the
. +12 Vdc bus varies outside the following limits.
P The sensing circuit causes a switch from PCU 1

to PCU 2]

Sensing circuit Voltage level Time delay
- ‘ Over voltage “+13 = 0,25 Vde 10 ms

Under voltage +11 * 0,25 Vde 300 ms

TABLE 4-II.~ POWER CALCULATIONS

TM symbol Resultant (watts)
(AE-3)(AE-k) = RTG output power
(AE~3) (AE-5) = Reserve power PCU 1
(AE-3)(AE-6) = Reserve power PCU 2

(RTG output power) - (Reserve power)
(AE-3) (AE-5) - (AE-5)2(L.2 Q)
(AE-3)(AE~6) - (AE-6)2(h.2 Q)

PCU input power

Internal reg 1 dissipation

Internal reg 2 dissipation

N
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[Initial condition 1s defined as the relay positions at time of activa-
tion on the lunar surface]

Relay Function Monitor Initial condition
K-01 PCU select AE-5 PCU 1 selected
K-02, K-03 | D/P select AB-6 D/P X selected
K-0k4 Xmtr, xmtr htr select Downlink Xmtr on
K-05 Xmtr A, xmtr B select AB-17 Xmtr A selected
K-06, K-07 | Exp 1 power control AB-L Exp 1 in stby
K-08, K~-09 | Exp 2 power control AB-L4 Exp 2 in stby"
X-10, K-11 | Exp 3 power control AB~5 Exp 3 in stby
K-12, K?l3( Exp 4 power control AB-5 Exp U4 in stby
K-14, K-15 | DSS htr 1 & 2 AB-5 DSS htr 2 bff

: povwer control '
K-16 PDR 1 on/off CAE-5 Ooff
K-17 PDR 2 on/off AE-5 off
K-18 DSS heater 3 on/off AE-5 off
"K=19 Recelver protection Command capability Receiver on

%Exp 3 (LSM) has no standby heater.

hoi2
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PCU load is the summation of all electrical loads
on PCU outputs shown on X axis of Figure 4-4

Ext shunt dissip = = Bt | 4.2
(AE-5)2(4, 2Q0) =|shunt 3“0
dissip §
PCU 1
internal
reg
dissip
A
PCU 1
> conv
loss
PCU 2 sel
TR
PCU 1 sel
PCU 2
conv
loss
/
PCU 2
internal
reg
dissip

Y

Ext

shunt 4&22
dissip
4

PCU 2 conv loss shown on Figure 4-4 varies with PCU
load from 4.5 to 8.5 watts. 6 watts nominal

Int reg dissip+ PCU 2 conv loss = Y axis value on Figure 4-4

Int reg 2 dissip =CS5 = (AE-3)(AE-6)-(AE-6)2(4, 2Q)

Note:

CS1 thru CS5 are calculations on central
station HSP format. All dissipations, outputs
and converter losses are in watts

Figure 4-3. - ALSEP 3 power distribution.

Central
station data
subsystem
13-15 watts PDR 1
7 watts
—o0— K-16 1
. -
‘ i DSS htr 3 10 watts | PPR 2=
s 1L 14 watts -
< K-18
i DSS htr 110 watts =
[ K-14 B
=
® DSShtr2 =
5 watts
il PSE
" - PSE-C/S sensor
‘ . (S)tbb 4.4 W Stby refer to
#— 36W Oper pwr proﬁle
K-07
®  Oper
’_o/o—cf'. ASE
' K08  e&—— cIs ASE
Astro sw 5 ow refer to
Stby pwr profile
o K-09
Oper
w—o/. K-10 LSM
refer to
| EStby pwr profile
K-11
®  Oper
_0)7_12 HFE
refer to
| -2 Sy pwr profile
K-13

D.

Relays shown are actuated by commands.

Refer to drawing 4. 2 for details
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Total PCU internal dissipation (watts) in central station

FCD 2-71.23.67 Dissipation within PCU vs PCU output power
55 watt regulator
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Internal reg dissipation {watts)
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Derived from:

.
H
PCU 1 int reg diss = (AE-3)(AE-5) - (AE-5)2 (4.20Q) [T]
PCU 2 int reg diss = (AE-3)(AE-6) - (AE-6)2(4.2Q) ]

10

15 20 25 30 35 40 45 50 55 60

Reserve power (watts)

Figure 4-5, - Internal regulator dissipation,
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TABLE 4-IV.- CIRCUIT BREAKER AND FUSE ;I'ABULATION

Nuwber ‘Rating Subsystem Circuit Effect
CB-02 110 to 225 mA Transmitter A +12 Vde Transmitter A does not utilize the +12 Vdc bus.
Breaker CB-02 is self-resetting.
CB-03 560 to 8k0O mA Transmitter A +29 Vdc | Transmitter A +29 Vdc overload causes breaker CB-03 to
switch transmitter B on. Breaker CB-03 is self-resetting.
CB-O4 110 to 225 mA Transmitter B +12 Vde | Transmitter B does not utilize the +12 Vdc bus.
+12 Vdc is applied to the diplexer switch via CB-Ol4 when
transmitter B is selected., Breaker CB-0k is self-resetting.
CB-05 560 to 840 mA Transmitter B +29 Vde | Transmitter B +29 Vde overload causes breaker CB-05 to
switch transmitter A on. Bresker CB-05 is self-resetting.
CB-06 450 to 550 mA PSE operate +29 Vde PSE instrument overload causes breaker CB-06 to place PSE
in standby. Breaker CB-06 is self-resetting.
CB-0T7 450 to 550 mA ASE (Exp 2) +23 Vde ASE instrument overload causes breaker CB-07 to
. place ASE in standby. Breaker CB-07 is self-
resetting.
CB-08 450 to 550 mA ILSM operate +29 Vde { LSM instrument overload causes breaker CB-08 to place LSM
in standby. Breaker CB-08 is self-resetting.
N -
CB-09 450 to 550 mA HFE operate +29 Vdc | HFE instrument overload causes breaker CB-09 to place
’ HFE in standby. Breaker CB-~09 is selfw-resetting.
CB~-10 450 to 550 mA DSS HTR 1 +29 Vdc | Overload causes breaker CB-10 to place DSS #2
in operate. Breaker CB-10 is self-resetting.
CB-11 450 to 550 mA ASE (Exp 2) +5 Vde Plus 5 Vdc from ALSEP applied to ASE only in OPER
SEL. Circuit breaker located in ASE central
station electronics. Cmd ASE to STBY TO RESET CB-1l.
CB-12 | 135 to 165 mA | ASE (Exp 2) +15 Vdc | Plus 15 Vde from ALSEP applied to ASE only in OPER
SEL. Circuit breaker located in ASE central
station electronies. Cmd ASE to STBY to reset CB-12.
CB~13 135 to 165 mA ASE (Exp 2) ~12 Vde | Minus 12 Vdc from ALSEP applied to ASE only in OPER
SEL. Circuit breaker located in ASE central
station electronics. Cmd ASE to STBY to reset CB-13.
F-03 500 mA PSE standby +29 Vde | A blown F-03 will permanently disable the PSE standby
capability.
F-0k 500 mA ASE standby +29 Vde | A blown F-04 will permanently disable the ASE standby
capability.
F-05 500 mA LSM standby +29 Vde | A blown F-05 will only affect TM parameter AB-5,
Refer to Drawing 4.2.
F-06 500 mA HFE standby +29 Vde A blown F-06 will permanently disable the HFE
standby capability.
F-07 500 mA bss #2 +29 Vdc { A blown F-OT will permanently disable the DSS #2 heater
capability.
F-08 1/32 A Transmitter A +29 Vde | A blown F-08 will permanently disable all TM paremeters
from transmitter A.
F-09 1/32 A Transmitter B +29 Vde | A blown F-09 will permanently disable all TM parameters
from transmitter B.
F-10 125 mA Receiver A +12 Vde F-10 & F-11 are paralleled to receiver A
F-11 125 mA Receiver A +12 Vde
F-12 125 mA Receiver B +12 Vde F-12 & F-13 are paralleled to receiver B
F-13 125 mA Receiver B +12 Vde

4-16
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TABLE 4-V. VOLTAGE DISTRIBUTION AND BUS LOAD ANALYSIS
NOTE
Experiment operational power is defined
as maximum nighttime steady state (e.g.,
PSE oper). Experiment standby power is
defined as maximum heater power (e.g.,
PSE stby). The voltage distribution
and load analysis represent measurements
at an ambient temperature of T0° F.
Voltage bus Circuit Watts Circuit Erotectiona
+29 Vde PSE Oper 9.3 CB-06 500 mA * 10%
Stby 5.0 F-03 500 mA
ASE Oper 5.5 CB-07 500 mA + 10%
Stby 3.1 F-0k 500 mA
ISM Oper 11.3 CB-08 500 mA + 10%
HFE Oper 9.8 CB~09 500 mA + 10%
Stby 4,2 F-06 500 mA
DSS htr 1 10.0 CB-10 500 mA * 10%
Xmtr A ' 10.0 - 10.8 Avg. CB-03 560 to 840 mA
Xmtr B 10.0 - 10.8 Avg. CB-05 560 to 840 mA
Xmtr htr 8.k None
DSS htr 2 5.0 F-07 500 mA
PDR 1 7.0 None
PDR 2 1k.0 None
PDU 0.5 None
© +15 Vde DSS/A 0.05 None
+12 Vde Cmd dec 0.325 None
Timer 0.2k None
Diplexer sw 0.1 CB-04 110 to 225 mA
DSS/A 0.1h4 None
DSS/D 0.05 None
PCU Negligible None
PDU 1.15 None
Receiver 1.80 F-10 thru F-13
Revr htr 1.25 None
Temp sensors Negligible None
+5 Vde Cmd dec 0.775 None
DSS/A 1.10 None
DSS/D 0.450 None
PDU 0.15 None
Relay drivers Ne‘gligible None
-6 Vdc Cmd dec 0.15 None
PDU Negligible None
-12 Vde DSS/A 0.11 None
PDU 0.6 None

®Ref Drawing 4.2,

k=17
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TABLE 4-VI.~ COMMANDS CAUSING DELTA POWER DEMANDS

Tabulation of AP caused by command execution
assuming the following conditions exist:

Transmitter off
' DSS heater 1 : off
PIR 2 off
DSS heater 2 Off
PSE Off
LSM off
ASE off
HFE . off

The ALSEP sybsystems will demand electrical
power from the PCU in the following amounts:

Power (watts)

Transmitter heater 8.ko
Receiver 1.5
DSs/D 0.50
DSS/A 2.0
Cmd decoder 1.25
PDU 2.0
Timer 0.2
PCU conversion loss k.50

Total 20.35

The 20.35 watts represents the minumum loading on the PCU. Add the delts power of any of the following commands to
obtain total loading. ' PCU conversion losses increase with loading. For detailed experiment power demands, refer to

experiment power profiles.

Command Delts power (watts)
013 TRANSMITTER ON 2.4
2.5
056 DSS HTR 2 ON 5.0
022 PDR 2 ON 1.0
055 DSS HEATER 1 ON 10.0
036 EXP 1 OPER SEL (PSE) 4.3
9.3
11.6
037 EXP 1 STBY SEL (PSE) 5.0
Ok2 EXP 2 OPER SEL (ASE) 7.0
k.0
043 EXP 2 -STBY SEL {ASE) 2.75
0.2
045 EXP 3 OPER SEL (LSM) 5.5
10.5
10.2
0ké EXP 3 STBY SEL (LSM) 0.0
052 EXP & OPER SEL 5.9
(HFE) 8.7
053 EXP 4 STBY SEL k.2
055 DSS HTR 1 0w
056 DSS HTR 2 5W
070 LEVEL POWER X MOTOR 3.0

(psE)

071 LEVEL POWER Y MOTOR
(PsE)

072 LEVEL POWER Z MOTOR
(PSE)

4-18

Notes

Xmtr A selected by Cmd 012.
Xmtr B selected by Cmd 015.

Thermostatically controlled.

Day scientific mode. Above +127° F.
Night scientific mode. Below +125° F.
(5-watt difference due to heater.

See Cmd 076). -

Turn on transient.

Survival heaters.

3.0 W difference due to geophone AMP htr.

Day scientific mode. Above +35° C.
Night scientific mode. Below +35° C.,
(5-watt difference due to heaters.
See Cmd 134.)

Turn on transient.

No survival heaters in the ISM.

Day mode 1.

Turn on transient.

Survival hesgter.

Above PSE operate power (see Cmd 036).
Exp 1 (PSE) must be operational.

‘Same as Cmd 070.

Same as Cmd 070.




TABLE 4-VI.- COMMANDS CAUSING DELTA POWER DEMANDS - Concluded

Command Delta power (watts) Notes

076 THERMAL CONTROL MODE
(PSE) ’

AUTO 0.04 to 5.7 Proportional heater (127° to 125° F).
FORCED 5.8 Heater on.
OFF 0.0 Heater off.

131 FLIP/CAL INITIATE
(1.sM)

133 SITE SURVEY (LSM)

134 TEMP CONTROL (LSM)
X OR Y
OFF

‘  Exp 1 (PSE) must be operational.

3.4 (day) Exp 2 (LSM) must be operational.

1.0 {night) Heaters switched off during flip-cal
sequence. (l.0-watt above nominsl
night power demand of 10.9 watts.)

4.5 Day only.
Exp 2 (LSM) must be operational.

5.0 Thermostatically controlled heaters.
0.0 Heaters off.
Exp 2 (LSM) must be operational.

NOTE

PCU conversion loss (4.5-watt at
minimum PCU loading) or shunt
regulator dissipation not included.
Conversion loss and shunt regulator
dissipetion dependent on PCU
loading. Refer to Figures 4-h

and L-5.

k-19
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TABLE 4-VIT.- CENTRAL STATION STEADY STATE POWER DEMANDS ON EACH VOLTAGE BUS FROM THE PCU

Subsystem +29 Vdc {+15 Vde {+12 Vde j-12 Vdc -6 Vdc +5 Vde Total Notes

Xutr A 11.9 w* Cmd 012 selects A xmtr. Xmtr A
protection: +29 Vde CB-03.

DAY Cmd 015 selects B xmtr. Xmtr B

protection: +29 Vdc CB~05,

¥t B 11.9 W 0.1.W Cmd 013 turns on selected xmtr.
Cmd Ol4 turns off selected xmtr.

DAY Overload on +29 Vdc bus (560 to 840 ma)

causes a swith to other mmtr. When
xmtr is commanded off (Cmd 014) xmtr

Xmtr 8.k w 8.4 W heater is automatically turned on, The

Heater +12 Vde bus is switched to diplexer when
xmtr B is operational.

Receiver 0.79 W 0.03 W 0.82 W No ground commands to control receiver.
Overload on +12 Vde bus (110 to 225 mA)

Receiver 1.25 W 1.25 W disconnects +12 Vdc (via CB-01) from

heater receiver and switches in receiver hegter.
Receiver is turned back on by 18-hour
pulse from timer. -6 Vdc on continuously.

X or Y data 0.05 W 0.45 W 0.50 W Cmd 034 selects X data proc, mux, and

processor A/D converter.

X orY 0:05 W |0.1b W |0.11 W 110w 1.4y | Cmd 035 selects ¥ date proc, mux, and
A/D converter.

analog mux

& A/D conv No overload pratection.

Command 0.325 W 0.15W [0.775 W{l.25 W Command decoder is on continuously with

decoder no overload protection. Redundant de~
coders A and B addressable from ground.

PDU 0.5 W 1.15W [0.6W 0.008wlo.15w |2k w PDU controls distribution of power to the
ALSEP subsystems. +12, -12, and +5 Vdc
are for power sequencer logic. +29 and
+5 Vdc are used for relay drivers located
in PDU.

DSs 10.0 W 10.0 W Cmd 055 turns DSS 1 heater on.

heater 1 Cmd 056 turns DSS 1 heater off &
DSS heater 2 on.

PCU 1 4.5 to Cmd 060 turns on PCU 1, PCU 2 off.

or 8.5 W :

POU 2 Cmd 062 turns on PCU 2, PCU 1 off.
Conversion loss is & function of loading
on the PCU. See Figure L-k,

Dss 5.0 W 5.0 W Cmd 056 turns on DSS heater 2,

heater 2 Cmd 057 turns off DSS heater 2.

PDR 2 1.0 14.0 W | cmd 022 turns on PDR 2.
Cmd 023 turns off PDR 2.
PDR 2 is located on the PDM and is exposed
to the lunar environment. See Dwg 3.3.

DSs 10.0 W 10.0 W Cmd 024 turns DSS heater 1 on.

heater 3 Cmd 025 turns DSS heater 1 off.

Spransmitter power demand varies with temperature at AT-24 or AT-26.
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TABLE L-VIII.- RELAY DRIVER FUNCTIONS AND INPUT VOLTAGE REQUIREMENTS

Relay +12 Input voltage +29
drivers | Relay Function Monitor | Cmd |vdc @ @ Vde
RD-01 | K-01 | PCU 1 SEL AE-5 060 %

02 | K-01 | PCU 2 SEL AE-6 062 &

03 | K-06 | EXP 1 OPER SEL * 036 X X

O4 | K-06 | EXP 1 STBY SEL | AB-4 037 Ve X

05 | K-07 | EXP 1 STBY SEL | AB-L4 037 % X

06 | K-07 | EXP 1 STBY OFF * oLl % X

07T | K-08 | EXP 2 OPER SEL * oL2 X o

08 | K-08 | EXP 2 STBY SEL | AB-L4 ok3 ¥ X

09 | K-09 | EXP 2 STBY SEL | AB-4 ok3 X %

10 | K-09 | EXP 2 STBY OFF * okhk X X

11 | K-10 | EXP 3 OPER SEL * oLs5 X X

12 | K-10 | EXP 3 STBY SEL | AB-5 oLké X X

13 | K=11 | EXP 3 STBY SEL | AB-S oké X 6

14 | K-11 | EXP 3 STBY OFF * 050 X X

15 | K-12 | EXP L4 OPER SEL * 052 X x

16 | K-12 | EXP 4 STBY SEL | AB-5 053 4 X

17 | K-13 | EXP L4 STBY SEL | AB-5 053 X X

18 | K-13 | EXP L4 STBY OFF * 054 X X

19 | K-14 | DSS HTR 1 CNTL * 055 X X

20 | K-14 | DSS HTR 1 CNTL | AB-5 056 X X

21 | K-15 | DSS HTR 1 CNTL | AB-5 056 X X

22 | K-15 | DSS HTR 1 CNTL * 057 X X

23

24 | K-02 | DSS/PROC Y SEL | AB-6 035 X X

K-03
25 | K-02 | DSS/PROC X SEL | AB-6 034 % o
K-03

26 | K-O4 | XMTR OFF 0lkL X X

27 | K-04 | XMTR ON 013 X X

28 | K-05 | XMTR A SEL AE-1T7 012 X X

29 | K-05 | XMTR B SEL AE-18 015 X X

30 | K-18 | DSS HTR 3 ON * 024 X X

31 | K-18 | DSS HTR 3 OFF * 025 X X

32 | K-16 | DISSIP R1 ON * 017 X X

33 | K-16 | DISSIP R1 OFF * 021 X v

34 | X-17 | DISSIP R2 ON * 022 X X

35 | K-17 | DISSIP R2 OFF * 023 X X

¥Function determined by monitoring PCU 1 shunt current AE-5, or PCU 2

shunt current AE-6.

+5V ‘_@
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Relay driver

@ Refer to Table 4-VIII

or
* for input voltage

'

& %

For reference only e =
(typical relay driver) =

Figure 4-6. - Relay driver voltages .

(c)or

Relay

+29V bus

Refer to Table 4-VIII
for input voltage
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SECTION 5
ALSEP 3
COMMAND SUBSYSTEM BASTC

COMMAND RECEIVER FUNCTIONAL DESCRIPTION

Functionally, the command receiver is comprised of two redundant
receivers which share common interface/control circuits. The
2119 MHz phase modulated carrier uplink signal is received by

the central station antenna, coupled‘ through the diplexer, and
applied to the command receiver RF coupler. The coupler is a
stripline hybrid which applies the uplink éignal to both receiver

sections.

The uplink signal is passed through a low-pass filter, coupled
through a tuned 3-pole pre-selector, and applied to the first
mixer, The first mixer is a stripline hybrid which mixes the
yplink signal with a 1997.3 MHz crystal-controlled local oscil-
lator signal to produce a 121.7 MHz first IF signal. The IF
signal is amplifiéd and applied through a 3-stage IF bandpass
filter to the second mixer. The second mixer is an integrated
circuit which mixes the 121.7 MHz first IF signal with a

110.9 MHz crystal-controlled local oscillator signal to produce
a 10.7 MHz second IF signal.

The 110.9 MHz local oscillator/amplifier output is increased in
frequency to 1997.3 MHz by a multiply-by-18 frequency multiplier,
and coupled through a 2-pole tuned filter to the first mixer to
develop the first IF. The local oscillator output is applied

directly to the second mixer to develop the second IF.

The second IF signal is applied through a S5-stage IF bandpass
filter to the second IF amplifier. The amplifier output is
sampled by the AGC detector to develop the AGC feedback voltage.
This voltage is also applied to the interface as a signal level
telemetry signal to provide engineering data regarding the
received signal carrier level. The amplifier output is applied
to the first discriminator where it is demodulated. The com-
posite 2 KHz data subcarrier and 1 KHz synchronization sub-
carrier signal is applied through the limiter and the final

audio amplifier to the audio selector for output.

5-1
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The audio amplifier output is sampled by the 1 KHz tone detector
to develop a command signal present voltage. The receiver A
signal is applied to the audio selector as a control signal, and
is output as a telemetry signal. The receiver B signal is

output directly as a telemetry signal.

The audio selector receives the audio outputs from both receiver
sections A and B, and applies one of these audio signals to the
command decoder. The selected audio output is from receiver
section A when the "command signal present A" signal is present.
The absence of this signal causes the audio output from receiver

section B to be selected.

The power line isolator provides redundant series regulator
circuits, each of which receives +12 Vdc from the PDU, and
supplies +11 Vdc operating power to its corresponding receiver
section. ZEach operating power line is monitored for engineering
data. The temperature of the receiver case is monitored by a
thermistor for engineering data. The engineering data measure-

ments are supplied to the multiplexer/converter.

COMMAND FUNCTIONS

003 ASE HBR ON DATA PROCESSOR
Cbmmand 003 disconnects the data processor from the modu-~
lator and connects the modulator to the active seismic
processor which supplies the high-bit-rate data (10,600 bps).
The ASE HBR ON command takes effect at the scheduled end of
the 6l-word data-processor frame which is in progress at the
time the mode change command is received. The downlink data
are meaningless if this command is executed with no ASE in

the flight configuration.
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005 ASE HBR OFF  DATA PROCESSOR
Command 005 disconnects the ASE processor from the modu-
lator and connects the modulator to the data processor
which supplies data at 530 or 1060 bps, depending on the
last bit-rate mode commanded. The ASE HBR OFF command takes
effect at the scheduled end of the 6lU-word data processor

frame which is in progress at the time the mode change
command is received. Central station activation or power

reset initializes ASE HBR to OFF.

006 NORM BIT RT SEL DATA PROCESSOR
Command 006 causes the data processor to operate at the
normal bit rate (1060 bps). This command takes effect at
the scheduled end of the 6li-word frame which is in progress
at the time the mode change command is received. Central
station activation or power reset initializes the data

processor to NORMAL BIT RATE.

007 LOW BIT RT SEL DATA PROCESSOR
Command OOT causes the data processor to operate at low
bit rate (530 bps). This command takes effect at the
scheduled end of the 6h-word frame which is in progress at

the time the mode change command is received.

NOTE
EXP 3 (LSM) data are meaningless
on L.OW BIT RATE

011 NORM BIT RT RST DATA PROCESSOR
Command 011 is a provision for returning the operational

data processor (determined by Command 034 or 035) to the

normal bit rate from either the high or low bit rate. This

command does not reset the analog multiplexer or frame counter.
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This command takes effect immediately and does not wait

until the scheduled end of the 6L-word frame.

NOTE

Commands that switch bit rates,
transmitters, or data processors
are commands which will cause a
loss of sync at the ground station
and a loss or false readout of
command verification word.
012 XMTR A SEL POWER DISTRIBUTION UNIT
Command 012 actuates relay K-05, in the PDU, to the
position that selects transmitter A. XMTR A SEL is the

lunar surface initial condition.

013 XMTR ON POWER DISTRIBUTION UNIT
Command 013 actuates relay K-O4, in the PDU, which applies
+29 Vdc to the transmitter selected by Command 012 or 015.
This command simultaneously removes +29 Vdc from the
8.4-watt transmitter heater located on the thermsl plate.

XMTR ON is the lunar surface initial condition.

014 XMTR OFF POWER DISTRIBUTION UNIT
Command Olk actuates relay K-O4, in the PDU, to the posi-
tion that removes +29 Vde from the transmitter selected by
Command 012 or 015. This command simultaneously applies

+29 Vdec to the 8.k4-watt transmitter heater.

015 XMIR B SEL POWER DISTRIBUTION UNIT
Command 015 actuates relay K-05, in the PDU, to the pos-

ition that selects Transmitter B.

017 DISSIP R1 ON POWER DISTRIBUTION UNIT
Command 017 actuates relay K-16, in the PDU, to the pos-
ition that applies +29 Vde to a T-watt power dump resistor

and is used to optimize the load on the PDU.
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DISSIP R1 OFF ~ POWER DISTRIBUTION UNIT
Command 021 actuates relay K-16, in the PDU, to the posi-

tion that removes +29 Vdc from the T-watt power dump resistor.

DISSIP R2 ON POWER DISTRIBUTION UNIT
Command 022 actuates relay K-17, in the PDU, to the posi-

»tioﬁ that applies +29 Vdc to a lh—watt power dump resistor

023

02k

025

032

and is used to optimize the load on the PCU.

DISSIP R2 OFF POWER DISTRIBUTION UNIT
Command 023 actuates relay K-17, in the PDU, to the posi-

tion that removes +29 Vdc from the lh-watt power dump resistor.

DSS HTR 3 ON - POWER DISTRIBUTION UNIT

Command 024 actuates relay K-18, in the PDU, to the posi-
tion that applies +29 Vdc to the thermostatically controlled
10-watt heater located on the central station thermal plate.
This heater is controlled by thermostat ST-01 to ON below
-10° F and OFF above 0° F. This thermal capability for

the central station is provided to account for unknown factors
in the lunar environment. DSS HTR 3 ON is the lunar surface

initial condition.

DSS HTR 3 QFF POWER DISTRIBUTION UNIT
Command 025 actuates relay K-18, in the PDU, to the posi-
tion that removes the +29 Vdc from the thermostatically

controlled 10-watt central station heater.

TIMER OUTPUT ACCPT COMMAND DECODER

Command 032 enables the 18-hour and the l-minute timer
output pulses, thus allowing automatic commands to be
generated by thg timer and the delayed command'sequencer.
This command cancels the effect of command 033. Central
station activation or power reset initializes the time
output ACCPT.
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033 TIMER OUTPUT INHIB COMMAND DECODER
Commend 033 inhibits the 18-hour and the l-minute timer
output pulses which in turn will disable the following
automatic commands generated in the delsyed-command sequencer.
: "Normal Time of Execution
One-Time Command After Command Sequencer Reset

ARM PSE UNCAGE CIRCUIT Eight 18-hour pulses +2 Min and every

18 hours thereafter,

Repetitive Commarids

MAGNETOMETER FLIP
CALIBRATE Nine 18-hr pulses +1 Min and every

18 hours thereafter.
EXP 4 OPERATE SEL (HFE) Nine 18-hr pulses +7 Min and every
18 hours thereafter, o
Command 033 will also disable the following automatic
commands generated by the timer. These are repetitive
(every 18-hour pulse commands):
A. Short Pericd Calibrate PSE
B. UNCAGE PSE
1. ARM UNCAGE PSE (First 18-hour pulse)
2. EXECUTE UNCAGE PSE (Second 18-hour pulse)

NOTE

This command will input level changes
to the hour and minute counters of
the delayed-command sequencer and
advance the counters by 18 hours
and 1 minute. This may change the
execution times of the automatic
commands from the delayed-command
sequencer and the timer. This
command does not inhibit or affect
the 3-month transmitter turn off
command generated by the timer.

034 DSS/PROC X SEL POWER DISTRIBUTION UNIT
Command 034 actuates relays K-02 and K-03, in the PDU,




035

036

037

ALSEP 3
BASIC

that apply operational voltages (+15 Vdc, +5 Vde, -12 Vde)
to the "X" data processor. It simultaneously removes the
above voltages from the "Y" processor. The "X" data pro-
cessor, upon activation, is initialized to the normal bit

rate. DSS/PROC X SEL is the lunar surface initial condition.

NOTE

This command may result in sync
loss at ground station, hence
possible loss or false readout
of command verification word.
DSS/PROC Y SEL POWER DISTRIBUTION UNIT
Command 035 actuates relays K-02 and K-03, -in the PDU,
that apply operational voltages (+15 Vde, +5 Vdc, ~12 Vdc)
to "Y" data processor. It simultaneously removes the above

voltages from the "X" processor. The "Y" data processor,

upon activation, is initialized to the normal bit rate.

NOTE

This command may result in sync

loss at ground station, hence

possible loss or false readout

of command verification word.
EXP 1 OPER SEL (PSE) POWER DISTRIBUTION UNIT
Command 036 actuates relay K-06, in the PDU, applying
+29 Vdc to the PSE instrument and the heater circuitry in
the deployed PSE sensor assembly. It simultaneously removes
+29 Vde from the standby heater in the PSE electronics

package in the central station.

EXP 1 STBY SEL (PSE) POWER DISTRIBUTION UNIT

Command 037 actuates relays K-06 and K-07, in the PDU,
applying +29 Vde to the standby heater in the PSE electronics
package and to the heafer in the deployed PSE sensor assembly.
It simultaneously deactivates the PSE by removing +29 Vde

=7
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from the instrument. EXP 1 STBY SEL (PSE) is the lunar

surface initial condition.

EXP 1 STBY OFF (PSE) POWER DISTRIBUTION UNIT

Command Okl actuates relay K-0T, in the PDU, to the position
that removes +29 Vde from both PSE heater circuits. If the
operating power is on, transmission of this command will

have no effect.

EXP 2 OPER SEL (ASE) POWER DISTRIBUTION UNIT

Command 042 activates relay K-08, in the PDU, applying

+29 Vdec to one terminal of Astro Switch No. 5. With

Astro Switch No. 5 in a CCW position, the 29 Vdc operating
voltage will be applied to the ASE, which in turn, will A
cause the ALSEP +5 Vde, +15 Vdc, and -12 Vdc supply voltages
to be switched to the ASE electronics. This function places
all operating voltages on the ASE and simultaneously de-
activates the ASE standby heater. Note’that the ASE uses

ALSEP supply voltages and has no internal power converter.

EXP 2 STBY SEL (ASE) POWER DISTRIBUTION UNIT

Command OU3 activates relays K~08 and K-09, in the PDU,
applying standby +29 Vdc to the ASE heater and simultaneously
removing +29 Vde, +5 Vde, +15 Vde, and -12 Vdc operaﬁing
voltages from the ASE. EXP 2 STBY SEL is the lunar surface
initial condition. Note that Exp 2 (ASE) is not included in
the automatic power sequencing. Cmd O43 resets the +5 Vdc,
+12 Vde, and =12 Vdc circuit breskers in the ASE.

EXP 2 STBY OFF (ASE) POWER DISTRIBUTION UNIT
Command OUL actuates relay K-09, in the PDU, to the position
that removes +29 Vdc from the ASE standby heater. If the

ASE is in operate mode, transmission of this command will

have no effect.
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EXP 3 OPER SEL (LSM) POWER DISTRIBUTION UNIT
Command 055 actuates relay K-10, in the PDU, applying
+29 Vde to activate the LSM.

EXP 3 STBY SEL (LSM) POWER DISTRIBUTION UNIT

Command 046 actuates relays K-10 and K-11, in the PDU, to
the position that deactivates the LSM instrument but does
not apply standby power. EXP 3 STBY SEL (LSM) is the

lunar surface initial condition.

EXP 3 STBY OFF (LSM) POWER DISTRIBUTION UNIT

Command 050 actuates relasy K-11, in the PDU, to the posi-
tion that removes +29 Vde from the resistive summing net-
work to TM parameter AB-5. The LSM uses no standby power.
If the LSM operating power is on, transmission of this

command will have no effect.

EXP L4 OPER SEL (HFE) POWER DISTRIBUTION UNIT

Command 052 actuates relay K-12, in the PDU, applying

+29 Vdc to the HFE instrument and the heater circuitry in
the deployed HFE electronics assembly. It simultaneously
removes +29 Vdc from the standby heater in the HFE elec~

tronics package.

EXP L STBY SEL (HFE) POWER DISTRIBUTION UNIT

Command 053 actuates relays K-12 and K-13, in the PDU,
applying +29 Vdc to the standby heater in the HFE elec-~
tronics package. It simultaneously deactivates the HFE
by removing +29 Vdc from the instrument. EXP 4 STBY SEL

is the lunar surface initial condition.

EXP 4 STBY OFF (HFE) POWER DISTRIBUTION UNIT

Command 054 actuates relay K-13, in the PDU, to the posi-
tion that removes +29 Vdc from the HFE heater circuit.

If the HFE operating power is on, transmission of this

command will have no effect.

>=-9
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DSS HTR 1 SEL - POWER DISTRIBUTION UNIT ..
Command 055 actuates relay K-14, in the PDU, to the posi-
tion that applies +29 Vdec to the 10-watt DSS HTIR 1.

DSS HTR 2 SEL POWER DISTRIBUTION UNIT

Command 056 actuates relsys K-14 and K-~15, in the PDU, to the
position that applies +29 Vdc to the S5-watt DSS HTR 2 and
simultaneously removes +29 Vdc from DSS HTR 1.

DSS HTR 2 OFF

Command 057 actuates relay K-15, in the PDU, to the posi-
tion that removes +29 Vde from the 5-watt DSS HTR 2. If

DSS HTR 1 is ON, this command will have no .effect. Initially,
DSS HTR 1 and 2 will be OFF.

PCU 1 SEL POWER CONDITIONING UNIT

Command 060 actuates relay K-0l, in the PCU, which applies
+16 Vdc from the RTG to PCU 1 and simultaneously de-energizes
PCU 2. PCU 1 is preset to be energized at initial lunar
activation. Note that there is an automatic switchover
feature to PCU 2 in the event the +12 Vdc bus varies more
than +1 Vde. Adding or removing electrical loads (via -
ground commands) on PCU 1 can prevent the +12 Vdc bus from

varying out of limits.

NOTE

IN THE EVENT AUTOMATIC SWITCHOVER
TO PCU 2 HAS OCCURRED, THIS COMMAND
MUST BE FLAGGED AS HIGHLY CRITICAL.

. THE CAUSE OF THE SWITCHOVER MUST BE
DETERMINED BEFORE THIS COMMAND IS
EXECUTED.

SWITCHOVER FROM PCU 1 TO PCU 2 MAY
GENERATE A POWER RESET SIGNAL TO THE
DELAYED COMMAND SEQUENCER COUNTERS,
RESETTING THE COUNTERS BACK TO ZERO.
PCU SWITCHING WILL CAUSE SYNC LOSS
AT GROUND STATION. .
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062 PCU 2 SEL POWER CONDITIONING UNIT
Command 062 actuates relay K~01, in the PCU, which applies
+16 Vdc from the RTG to PCU 2 and simultaneously de-energizes
PCU 1.

NOTE

AT THE TIME OF LUNAR ACTIVATION
PCU 2 IS DE-ENERGIZED, WITH NO
MEANS TO DETERMINE ITS CONDITION.
FURTHER, NOTE THAT THERE IS NO

. AUTOMATIC SWITCHOVER FROM PCU 2
TO PCU 1. THIS SITUATION, THERE-
FORE, MAKES THIS COMMAND HIGHLY

. , , CRITICAL. THIS COMMAND SHOULD BE
EXECUTED ONLY AFTER DETERMINING
THAT PCU 1 IS ON THE VERGE OF FATLING.

SWITCHOVER FROM PCU 2 TO PCU 1 MAY
GENERATE A POWER RESET SIGNAL TO THE
DELAYED COMMAND SEQUENCER COUNTERS,
RESETTING THE COUNTERS BACK TO ZERO.
PCU SWITCHING WILL CAUSE SYNC LOSS
. AT GROUND STATION.

e 063 PSE/XY GAIN CH EXP 1 (PSE)
Command 063 switches different attenuator values into the
LPX and LPY amplifier circuits to allow gain control of
the long period X~ and Y-axes signals. Repeated trans-
mission of the command will cause the attenuators to step
through values of 0 db, -10 db, -20 db, and -30 db in a
repeating sequence. In addition, this command controls
the calibration current of these two axes. PSE activation

initializes the attenuators to =30 db.

064 PSE/Z GAIN CH EXP 1 (PSE)

Command 064 switches different attenuator values into the

LPZ amplifier circuit to sllow gain control of the long
period Z-axis signal. Repeated transmission of the command
will cause the attenuator to step through values of 0 db,

~10 db, =20 db, and -30 db in a repeating sequence. In
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addition, this command controls the calibration current
of this axis. PSE activation initiaslizes the attenuator

to =30 db.

PSE/SP CAL CH EXP 1 (PSE)

Command 065 activates logic that will apply a current, via
the SP calibration attenuator, to the SP calibration coil.
The amount of current from the calibration attenuator is
determined by Command 067. In addition, the SP calibration
is automatically performed every 12 hours by means of the
timer unless specifically inhibited by Cdmmand 033. This
is a sequential ON/OFF command. PSE activation initializes

SP calibration to OFF.

PSE/LP CAL CH EXP 1 (PSE)

Command 066 activates logic that applies current, via the
LP calibration attenuators, to the LP damping coils (all
three axes simultaneously). The amount of current from
the calibration attenuastors is determined by Command 063
and Command 064. This is & sequential ON/OFF command.

PSE activation initislizes LP calibration to OFF.

PSE/SP GAIN CH EXP 1 (PSE)

Command 067 switches different attenuator values into the
SPZ amplifier circuit to allow gain control of the SP axis
signal. Repeated transmission of the command will cause
the attenuator to step through values of 0 db, -10 db,

-20 db, and -30 db in a repeating sequence. In addition,

-this command controls the calibration current of this

axis. PSE activation ihitializes the attenuator to —307db.

LVL MIRX ON/OFF EXP 1 (PSE)
Command OT0 activates logic which applies power to the

X-axis drive motor. This is a sequential ON/OFF command.
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PSE activation initializes X motor to OFF. Note that the
X motor consumes power in either leveling mode (AUTOMATIC/
FORCED) until commanded OFF. '

NOTE

Do not turn on more than one
- leveling motor at a time.
De~energize sensor heater via
Command 076 during time any level
motor is on.
071 LVL MTRY ON/OFF EXP 1 (PSE)
Command 071 activates logic which applies power to the
Y-axis drive motor. This is a sequential ON/OFF command.
PSE activation initializes Y motor to OFF. Note that the
Y motor consumes power in either leveling mode (AUTOMATIC/
< FORCED) until commanded OFF.

NOTE

Do not turn on more than one leveling
, motor at a time. De-energize sensor
T heater via Command 076 during time
any level motor is on.

! 072 LVL MTRZ ON/OFF EXP 1 (PSE)

Command 072 activates logic which applies power to the
Z-axis drive motor. This is & sequential ON/OFF command.
PSE activation initializes Z motor to OFF. Note that the
Z motor consumes power in either leveling mode (AUTOMATIC/
FORCED) until commanded OFF.

NOTE
. DO NOT TURN ON Z LEVELING MOTOR
. WHILE PSE IS CAGED. Do not turn

on more than one leveling motor

at a time. De-energize sensor
heater via command 076 during time
any level motor is on.

)
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073 UNCAGE ARM/FIRE ‘ EXP 1 (PSE)

A. Command 073 is a two-state command (ARM/FIRE). First
transmission will arm the actuator circuit. Second
transmission of this command is sent to fire the actuator
circuit and uncage all sprihg mass systems simultaneously.
This command is an irreversible function and is necessary

to obtain PSE scientific data.

B. The ARM and FIRE commands are also automatically generated
by the timer every 18 and 36 hours, respectively, after
PET-zero. |

C. Conditions to ARM:

l. First transmission of Command 0T73.
2. Firsf l2-hour timer pulse.
3. 1Lk hours + 2 minutes pulse from the delayed command

sequencer.

D. Conditions to FIRE (after ARM, above):
1. Next transmission of Command 073.
2. Next 18=hour timer pulse, ’
3. If armed, placing PSE to standby (Command 037 or

operational overload).

NOTE
THE UNCAGE CIRCUITRY WILL NOT
FUNCTION BELOW 30° F.
074 LVL DIR POS/NEG EXP 1 (PSE)
Command 0Tk is & two-state command (POS/NEG) which controls
the direction of the level motors for LPX, LPY, and LPZ
axes when in the forced leveling mode (see Command 103).

PSE activation initializes leveling direction to POS.

51k
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LVL SPEED HI/LO EXP 1 (PSE)

Command 075 is a two-state command (HI/LO) which controls
the speed of the leveling motors for LPX, LPY, and LPZ
axes when in the forced leveling mode (see Command 103).

PSE activation initializes leveling speed to LO.

PSE T CTL CH EXP 1 (PSE)

Command 076 is a four-state command that can be sequentially

stepped through the following modes to control the heater in

the deployed PSE sensor.

A. OFF - +29 Vdc is disconnected from the heater.

B, FORCED - +29 Vdc applied to>heater and automatic
thermostat control disabled.

C. OFF - +29 Vdc is disconnected from the hesater.

D. AUTOMATIC - +29 Vdc applied to heater and automatic

thermostat control enabled.

PSE activation initializes thermal control mode to AUTOMATIC.
Note that this command does not control the heater in the
PSE electronics package in the central station,

Note that the PSE sensor heater is not controlled by this
command when the experiment is in EXP 1 STBY SEL.

PSE FILT IN/OUT EXP 1 (PSE)
Command 101 is a two-state command (IN/OUT) which effectively
removes the feedback loop filters from the LPX, LPY, and LPZ

axes. PSE asctivation initiaslizes the feedback filter to OUT.

The feedback filter has to be in the following modes for the
PSE to operate properly:

A. Leveling (all modes) - filter OUT

B. Calibration - filter IN

C. Normal operational mode -~ filter IN
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102 LVL SNSR IN/OUT EXP 1 (PSE)
Commend 102 is a two-state command (IN/OUT) which activates
logic that enables the coarse level sensors to control the
LPX and LPY axes drive motors when an off level condition
exists. The coarse level sensors are used only in the
automatic leveling mode. PSE activation initializes the

coarse level sensor to OUT.

103 PSE LVL MDE A/F EXP 1 (PSE)
Command 103 is a two-state command (AUTOMATIC/FORCED) which
controls the leveling mode of LPX, LPY, and LPZ axes. PSE
activation initializes the leveling mode to AUTOMATIC.

NOTE
Only one axis motor is to be on
at a time.
123 LSM RANGE STEPS EXP 3 (LSM)

Command 123 is a three-state command that determines the
range of the X-, Y-, and Z-axes sensors of the LSM. LSM
activation initializes the range to *#200 gamma. Repeated
application of this command sequences the range through
50, $100, #200 gamma. The selected range is common to all

three sensors.

124 LsM FLD 0/S CH EXP 3 (LSM)
Command 124 is a seven-state command that controls field
offset of the X-, Y-, and Z~axes. LSM activation initializes
the offset to O percent. Repeated application of this
command sequences the offset through +25, +50, +75, -T5,
-50, -25, and 0 percent of the range selected by Command
123, Example: With Command 123 set to #2100 gamma and
Command 124 set to +25 percent, the effective range of the
addressed sensor would be +125 to -75 gamma (sensor heads

in 0° or 90° position).
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LSM 0/S ADD CH EXP 3 (LsM)

Command 125 is a four-state command used to address the

X-, Y-, and Z-axes for offsetting. LSM activation initiélizes
the offset address to neutral. Neutral is defined as no

axis addressed. Repeated appliéation of this command
sequences the offset address from X to Y to Z to neutral.
Example: With this command set to the X-axis, Command 12k
controls the offset of the X-axis only, with Y- and Z-~axes

unaffected.

FLIP/CAL INHIB EXP 3 (LsM)
Command 127 is a two-state command (IN/OUT) used to in-
hibit the flip/calibrate sequence of the LSM. LSM activation

initializes the logic to inhibit IN.

NOTE

SINCE THIS COMMAND WILL INHIBIT THE
FLIP/CAL COMMAND FROM THE AUTOMATIC
DELAYED-COMMAND SEQUENCER (SEE COMMAND
033) AND GROUND COMMAND 131, THIS
COMMAND MUST BE CONSIDERED CRITICAL
BECAUSE OF A POSSIBILITY OF UPLINK
FAILURE.

FLIP/CAL GO EXP 3 (LsM) _
Command 131 is a one-state command that initiates the
flip/calibration cycle. Execution of this command activates
the flip/cal sequencer, and upon completion of the sequence,
the LSM is returned to the normal operating mode and places

the sequencer in OFF.

NOTE

THERE MUST BE EXACTLY FOUR FLIP/
CALTBRATE CYCLES BEFORE PERFORMING
A SITE SURVEY. In addition to
ground Command 131, the flip/
calibrate delayed-command sequencer
(see Command 033) will generate
flip/cal commands.
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LSM FILT IN/OUT EXP 3 (LsM)
Command 132 is a two-state command (IN/OUT). LSM activation
initializes the filter to IN. Application of the command to
OUT will cause a major portion of the digital filter to be
bypassed. '
SITE SURVEY XYZ EXP 3 (LSM)

Command 133 is a one-state command that activates the site
survey sequence generator. The first application of this
command will initiate the sequence to survey the X-axis.

Upon completion of the X~axis survey, the LSM instrument

will return to the normal scientific mode. The second and
third application of this command will initiate the sequence
generator to survey the Y- and Z-axes, respectively, returning
the LSM to the normal mode of operation upon completion of

the respective axis survey.

NOTE

THE SITE SURVEY MUST BE PERFORMED

ONLY AFTER FOUR FLIP/CALIBRATE CYCLES -

HAVE BEEN COMPLETED.
LsM T CTL XYO EXP 3 (LSM)
Commaﬁd 134 is a three-state command (X, Y, OFF) which is
used to select the X~ or Y-axis sensor heater thermostat
or to deactivate all LSM heater power. LSM activation
initializes the temperature control to the X-axis thermostat.
Repeated application of this command sequences the temper-
ature control through Y-axis thermostat, off, and X-axis
thermostat. The selected axis thermostat (X or Y) controls
heater power to all LSM heaters. In the off position, all
LSM heater power is removed. Note that there is no ther-

mostat in the Z-axis sensor.
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HFE MODE/G SEL EXP L4 (HFE)

This command (Cl) is a one-state command. It places the
HFE in the normal or gradient mode of operation (Mode 1)
such that data is obtained from the gradient sensors and
cable thermocouples under the control of the measurement
sequence programer. It also turns off the probe heater
current supply. At turnon, the HFE is initialized in this

condition.

HFE MODE/LK SEL EXP 4 (HFE)

This command (C2) is a one-state command. It places the

HFE in the low conductivity or ring source mode of operation
(Mode 2) such that data is obtained from the gradient sen~
sors and cable thermocouples under the control of the meas-
urement sequence programer. It also turns on the probe
heater current supply in the low (or ring source) mode

allowing heaters to be activated via Command 152.

HFE MODE/HK SEL EXP 4 (HFE)

This command (C3) is a one-state command. It places the

HFE in the high conductivity or heat pulse mode of operation
(Mode 3) such that data is obtained from the ring (or remote)
sensors under the control of the heater excitation programer.
It also turns on the probe heater current supply in the

high (or heat pulse) mode allowing heaters to be activated
by Command 152.

HFE SEQ/FUL SEL EXP 4 (HFE)

This command (Ch) is a one-state command. It cancels the
effect of measurement Commands 142 through 146 and thereby
causes the measurement sequence programer to perform its
full 1l6-state cycle of operation. If transmitted during
operation in MODE/HK, this command will cause invalid data.

At turnon, the HFE is initialized in this condition.

+
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HFE SEQ/P1 SEL EXP 4 (HFE)

This command (C5) is a one-state command and alternates

with Command 143 to select only one probe for measurement.

In MODE/G and MODE/ILK it causes the measurement sequence
programer to lock the second fli@-flop (P2) in the clear

state and bypass that step; that is, it acts as an eight-state
counter if Command 141 was previously executed or as a
two-state counter if Command 14k, 145, or 146 was previously
executed. In MODE/HK this command is meaningless. It is

cleared by subsequent execution of Command 141.

HFE SEQ/P2 SEL EXP 4 (HFE)

This command (C6) is a one-state command and alternates with
Command 142 to select only one probe for measurement. In
MODE/G and MODE/IK it causes the measurement sequence
programer to lock the second flip;flop (P2) in the set

state and bypass that step; that is, it acts as an eight-state
counter if Command 141 was previously executed or as a
two-state counter if Command 14k, 145, or 146 was previously
executed. In MODE/HK this command is meaningless. It is

cleared by subsequent execution of Command 1h4l.

HFE LOAD 1 EXP 4 (HFE)

This command (C7) is a one-state command and is used alone
or in combination with either Command 145 or 146 to position
and lock the measurement sequence progremer's third and
fourth flip-flops (PhP3)‘ It places these two flip-flops

in the clear position (00) and bypasses those steps; thus
the MSP acts as a four-state counter if Command 141 was
previously executed and as a two-state counter if either
Commend 142 or 143 was previously executed. In MODE/HK

this command must be executed, otherwise the data will be

jinvalid. Subsequent execution (in MODE/G or MODE/LK) of
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Command 145 or 146 locks P\Py in the Ol or 10 state res-
pectively. All positioning and locking of PhP3 is cleared

by subsequent execution of Command 141.

- 145 HFE LOAD 2 EXP 4 (HFE)

4 ' This command (C8) is a one-state command and is used in
combination with either Command 14k4 (preceding 145) or
Command 146 (preceding or subsequent to 145) to position
and lock PhP3 (see 1LLk). It sets P3; therefore, 1hk
followed by 145 places PhP3 in the 01 state. In combina~
tion with 146, it places PhP3 in the 11 state. Depending
on whether Command 1U41l was previously executed or one of
Commands 142 or 143, the MSP acts as a four-state or |
two-state counter. Execution of this command in MODE/HK
causes invalid data until Command 1Ll is executed. It is

cleared by subsequent execution of Command 1h1.

‘146 HFE LOAD 3 EXP 4 (HFE)

This command (C9) is a one-state command operating essentially

the same as Command 145 except that it sets Ph' Therefore,

when preceded by 1luk it places PMP3 in the 10 state.

150 TIMER RESET TIMER
Command 150 is a one~state command that will reset timer
counters 1 and 2 to a zero count (clear). The l-minute
and the 18-hour output pulses and the timer transmitter
turnoff function (at 97 t 5 days) is referenced to the
timer reset. Note that this command does not affect the
hours or minutes counters or the sequence decoding gates

in the delayed command sequencer or the timer accept/inhibit

et .

logic.
NOTE

SINCE THE TIMER TRANSMITTER TURNOFF
FUNCTION CAN ONLY OCCUR ONE TIME, IT
IS MANDATORY THAT COMMAND 150 BE SENT
PRIOR TO TIMER TURNOFF.

5-21




ALSEP 3
BASIC

152 HFE HTR STEPS EXP 4 (HFE)

156

162

163

This command (Cl0) is & 16~state command which advances
the heater excitation programer (HhH3H2Hl) each time the
command is executed. In MODE/G the programer advances but
there is no other effect since fhe probe heater current
supply is off. In MODE/LK the execution of Command 152
alternates the heater status between on and off, simul-
taneously stepping through the eight heaters (current
supply in on full time, and heater elements are switched
in and out of circuit). In MODE/HK the heater excitation
programer (advanced by Command 152) also selects the data

to be sampled.

NOTE

HFE commands are executed at the

ALSEP 90 frame mark; therefore,

there must be 54 seconds delta

time between transmission of

commands to the HFE.
GEO CAL GO EXP 2 (ASE)
Command 156 initiates a l-second calibration pulse which is
applied to the three geophones. This calibration pulse
permits comparison of the geophone electromechanical

parameters with those of preflight calibration.

ASE SEQ/S FIRE EXP 2 (ASE)

The repeated transmission of Command 162 will fire rocket
motors to sequentially launch grenades 2, 4, 3 and 1, in
that order only. Note that GRENADES ARM Command 170 must
precede each fire command. The previous grenade must be

launched before the next grenade in the order can be fired.

GRENADE 1 FIRE EXP 2 (ASE)
Commend 163 will fire the rocket motor of grenade 1, if

previously armed by Command 170, GRENADES ARM. This
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specific fire command (and commends 164, 165 and 166)
provides an alternative to sequenkial Command 162 for
launching the grenades. Note that only Command 162 provides

a predetermined firing order.

GRENADE 2 FIRE *EXP 2 (ASE)

Command 164 will fire the rocket motor of grenade 2, if
previously armed by Command 170, GRENADES ARM. See Command
163.

GRENADE 3 FIRE EXP 2 (ASE)

Command 165 will fire the rocket motor of grenade 3, if
previously armed by Command 170, GRENADES ARM. See Command
163.

GRENADE L4 FIRE EXP 2 (ASE)

Command 166 will fire the rocket motor of grenade 4, if
previously armed by Command 170, GRENADES ARM. See Command
163.

NOTE
ALL ASE FIRE COMMANDS (162, 163, 16k,
165, 166) ARE CONSIDERED CRITICAL.
GRENADES ARM EXP 2 (ASE)
Command 170 arms the grenade firing circuits by charging

two capacitors, one for sequential firing and one for

) specific grenade firing. This command also charges the

thermal battery ignition capsascitors in all grenades. All
of the above capacitors will remain charged (armed) inde-
finitely provided the ASE remains in operate mode and no
fire command has been sent. Transmission of a fire command
after arming will fire one rocket motor and discharge all

capacitors. All capacitors can be safed (discharged) by
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placing the ASE in standby select.

NOTE

A minimum of 60 seconds must be
allowed between the GRENADES ARM
commend and any of the fire commands
to allow sufficient time for charging
the firing circuits. ’
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SECTION 6
TELEMETRY SUBSYSTEM

SYSTEM DESCRIPTION ,

The telemetry subsystem consigts of central station sensors,
experiment sensors, two analog multiplexers, two analog-to=-
digital converters, two digital data processors, two S-band
transmitters, one diplexer switch, one diplexer filter, and .

a common S<band transmit/receive helix antenna,

Sensors (Transducers)

Analog sensors convert such parameters as temperature, voltage,
current, and status into 0- to +5-volt signals and input these
signals to the 90-channel analog multiplexers as engineering
(housekeeping) data to indicate the condition of the central
station, RTG, PSE, and HFE.

Scientific measurements from the experiment sensors and
experiment status, calibration, and temperature data are
converted within each experiment to digital data and applied
to the X and Y digital data processors at the proper demand

time in serial form.

Analog Multiplexers

Analog engineering (housekeeping) data are applied to the
redundant 90-channel analog multiplexers. Selection of the
redundant multiplexer can be accomplished by Command O34

or 035. Actuation of astronaut switch 2 provides the same
function as ground Command 035 (DSS/PROC Y SEL). The multi-

plexer is divided into 15 groups of six column gates each,

and the group outputs are further gated through a tier of
eight row gates. The channel advance pulse generated in the

digital data processor (occurs at the time of the sixty-fourth
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main frame word) is applied to the analog multiplexer

sequencers to advance the multiplexers to the next channel

after each A/D conversion. The sequencers generate a ninetieth-
channel output pulse that is used to reset the frame counter
located in the ‘digital data’ processor. The output of the ana-
log multiplexer is buffered by amplifiers at the input to

each A/D converter.

A/D Converters

The A/D converters encode the analog signal from the multi-

plexer into an 8-bit digital word when an encode ﬁulse from
the digital data processor occurs (once every digital data
processor main frame). The 8-bit digital word is input
parallel to the digital data processor at Word 33 time of the
ALSEP main frame. Selection of the redundant'A/D converter

is accomplished by Command 034 or 035.

Digital Data Proecessor

Normal and low bit rates.- Redundant digital data processors

(x and‘Y) are provided. The redundant processors are selectable

by ground Command O34 or 035. The processor that is selected

receives data in a parallel form from the A/D converter and in a
serial form from the command decoder and experiments. The data

are formatted into a serial NRZC format and then encoded into a split-

phase signal and applied to the transmitter.

As a backup capability, the data processor provides a low-bit-rate
mode at one-half the normal data rate. The normal or low data rate

can be selected by ground Commands 006 .and 007 respectively.

The first three words of the ALSEP main frame are used for the
sync code. The bit assignment for the sync word is shown in
Figure 6-3. Bits 23 through 29 are provided for channel
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identification for 1 through 90 channels for correlation of

the analog multiplexer data. These bits are derived from g

‘ripple-through counter which is advanced one step whenever

Word 1 of the ALSEP main frame occurs and is reset by a nine-
tieth~-frame signal generatéd by the analog multiplexers.

When power is applied to the data processor, these seven bits
will be a random count between O and 127 and cannot be used
to determine the position of the multiplexers until the
ninetieth~frame reset signal is received from the analog

multiplexers,

Each of the redundant processors has & power reset circuit.
This circuit will reset the processor to the normal data rate

if there is a momentary drop in the +5 Vdc line.

The data processor will generaté and providekall necessary
timing signals to the experiments, command decoder, A/D con-

verter, and the 90-channel analog multiplexers (see Table 6-III).

ASE high bit rate.- Upon execution of Command 003 (ASE HER ON)
or actuation of Astronaut Switch No. 4, the data processor'in
use (X or Y) will perform the following functions at the end
of the ALSEP frame in progress (Word 64):

A. Inhibit data demand timing signals to all é;periments and
command decoder.

B. Gate on active-seismic serial data to the NRZC/split-phase
converter in the data processor for downlinking.

C. Inhibit PSE, HFE, LSM, command decoder, and analog mult?pleker
data normally applied to the NRZC/split-phase converter.

D. Change NRZC/split-phase converter clock rate to 10.6 kbps.

E. Continue to output all timing signals except data demand, to
the PSE, HFE, LSM, command decoder, and analog A/D converter/
multiplexer at a rate determined by the last Command 006
(NORM BIT RT SEL) or Command 007 (LOW BIT RT SEL) executed,
as listed in Table 6-III.
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The data processor multiformat commutator also continues at the

above determined rate.

The active-seismic serial data is formatted within the ASE into

thirty-two 20-bit words per ASE frame. FEach 20-bit word consists
of four 5-bit subwords. The data rate of 10.6 kbps in NRZC form
is converted tovsplit phase'and applied to the transmitter in the

normal manner.

The functions performed in the data processor, when in the HBR
mode, preclude any other experiment data or command decoder CVW's

being downlinked.

Execution of Command 005 (ASE HBR OFF) or actuatidn of Astronaut
Switch No. 5 will functionally reverse items A through D above
and return the data processor to the mode of operation last

executed by Command 006 or Commend 0Q7. Since the data processor

" multiformat commutator operates continuously, Command 005 will

take effect at the end of the end of the ALSEP frame in progress
(Word 64).

A power reset (Para 6.1.4) or the execution of Command 011 (NORM
BT RT RST) will cause the data processor to return to the normal

~ data rate (1060 BPS) from either the HBR or LBR immediately and

not wait until the end of the ALSEP frame.

Transmitter

There are two S-band transmitters (A and B) which are selectable
by gfound commands. The active transmitter accepts split-
phase telemetry data from the data processor and phase-modulates
the carrier which is applied to the helix antenna at a l-watt
level on a downlink frequency of 2276.0 MHz. Ground commands
are élso used to turn the selected transmitter on or off. If
the transmitter is commanded off, an 8.4-watt heater is simul-
taneously activated to provide electrical and thermal balance.
Overload protection is provided for both transmitters. The
circuit breaker associated with the overloaded transmitter will

switch the operating voltage (+29 Vdc) to the other transmitter.
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6.1.6 Diplexer Switch

The diplexer switch is utilized to couple the selected
o transmitter (A or B) output through the diplexer filter to
£ the antenna. The direction of the diplexer switch (thus the
selection of transmitter A or B output) is controlled by
activating a ferrite device, within the circulator, by a
magnetic field from a coil which is energized by +12 Vdec.

The +12 Vdc is applied when transmitter B is on.
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TABLE 6-I.- ANALOG MULTIPLEXER, A/D CONVERTER CHARACTERISTICS

Analog multiplexer (subcommutated )

Inputv (from sensors or signal conditioners). .

Channels/frame . . . . . . . . . .
Seconds/frame (normal bit rate) . . . . . .
Seconds/frame (low bit rate) . . . . . . . .
Redundancy . « « + « v ¢ v 4 v v 4 v e u .

A/D converters

Input (from analog mux)

Conversion D T T Y

Data to D/P &« . v v e e e e e e e
Time slot in main frame . . , . . . . . .
Redundancy . . . . . v v v . v 4 4 u e e e

Input from 0 to +5 volts .
Input from +5 to +8 volts . . . . . . . .
Input from +8 to +12 volts . .

Input above +12 volts . . . . . . .

0 to +5 Vde

. 90 max
. 54,34
. 108.68

X or Y multiplexer

. 0 to 45 Vdc
. 8 vits

. Parallel

. Word 33

X or Y converter

. Outputs 0 to 225

PCM count

. Outputs 255 decimal

PCM count

. Outputs ambiguous counts

(0-255)

. Detrimental to the,

analog mux

TABLE 6-IT.~ DIGITAL DATA PROCESSOR CHARACTERISTICS

High bit rate®*

Parameter Low bit rate Normal bit rates
Data rate (bps) 530 1060
Bits/word « . . . 10 10
Words/frame . . . 6L 64
Frame/second . . 53/64 1~-21/32
Seconds/frame . . 1.2075 0.6038
Bits/sync word . 22 22
Redundancy . « . XorY

processor

10,600
20

32
16.56
0.06038
10

#%Each ASE word of 20 bits is composed of four 5-bit subwords. When in HER,

only ASE data is downlinked.

Words 1, 2, and 3 are control words.

Word 33 of the

mein frame contains housekeeping 'data from the ana~

log mux/A/D converter.

mand verification word.

Word 46 contains the com-
The two MSB's of Words 33

and 46 are filler bits inserted by the digital data

processor.
MSB first.

A1l main freme words are downlinked

DA~k (Bit 10 of Word 3) contains the data processor

serial number.

Frame 3 0 MSB
Frame b 0
Frame 5 1

NOTE

Either of the two systems, X or Y (redundant
analog multiplexers, A/D converters, and
digital data processors) are selected by Com-
mand 03% (DSS/PROC X SEL) or Command 035

(DSS/PROC Y SEL).
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TABLE 6-III.~ TIMING FROM DIGITAL PROCESSOR

Signal to -

Sigete tron | o v | |as | | oo

A/D conv
Shift pulse X X X X* X
Data gate X X
Even frame mark X
Frame mark X X
Data demand X X X X
A/D encode x
Advance pulse X
90th frame mark X

*Shift Pulse Rate = 10.6 kbps

TABLE 6-IV.- TIMING AND CONTROL PULSE CHARACTERISTICS

Duration™

Pulse type (usec)- Repetion rate
Frame mark 118 Once per ALSEP frame
Even frame 118 ~ Once every other frame
mark
90th frame 118 Once every 90th frame
mark’
Data gate 118 64, once per each 10-bit
(word mark) word in frame
Data demand 93k Once per word in ALSEP frame
Shift pulse L7 640 pulses per frame

1060 pulses per second
Command 20,000 Asynchronous

E'In low bit rate, duration is twice the normal mode.
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1 3 4 5 [ T 8
X X X X 0 X X
9 10 11 12 13 14 15 16
— X - X - X : X
17 18 19 20 21 22 23 2L
0 X 0 X 0 X HF X
25 26 27 28 29 30 31 32
- X - X - - X X
331 3+ [ 35| 36 ] 31| 38| 39 [ bo
H X ® X hd X X
41 42 43 LY L5 L6 L7 48
- X - X - CV X
L9 50 51 52 53 54 55 56
0 X 0 X 0 X
57 58 59 60 61 62 63 64
- X - X - X X

Legend

X ~ Control

X - Passive Seismic -~ Short Period

- - Passive Seismic - Long Period Seismic

e — Passive Seismic - Long Period Tidal and One Temperature

0 - Msgnetometer

HF - Heat Flow

CV - Command Verification (upon command, otherwise all zeros)

H -~ Housekeeping

- Not Used

Total

Each box contains one 10 bit word
Total bits per frame - 10 x 64 = 640 bits

Figure 6~2.- ALSEP word assigmment for arrsy D.

ALSEP 3
BASIC

Number of
Words Per
Frame

3
29
12 3 b3

O




ALSEP 3

BASIC
CONTROL GROUP FORMAT
| ALSEP | ALSEP | ALSEP |
] WORD #1 | WORD #2 ] WORD #3 |

Bit 1 2 3 L 5 6 7 8 9 10-11

12 13 14 15 16 17T 18 19 20 21 22 23 2k 25 26 27 28 29 30

1110001001

Symbol
DA-1

DA~-2

DA-3

DA-L

DA-5

DA-6

DA-T

Barker Code

g 0 1 1

Name

Barker Code and
Complement’

Frame Count

Bit Rate ID

ALSEP ID

Received Command
Message

Command MAP

Filler Bits

ALSEP Words
1, 2, and Bits 1
and 2 of Word 3

Bits 3 to 9 in-
clusive of
Word 3

Bit 10 of
Word 3

Fpame Mode Bit

1

1 1 0 1

Complement of Barker Code

1 1
2 1

Bit 10, LSB, of
Word 3

Frame Mode Bit
3 0 (MsSB)
b 0
5 1

Bits 3 to 9 in-
clusive of
Word 46

Bit 10, LSB, of
Word 46

!

F1 F2 F3 Fb F5 F6 FT|M

Frame Counter Mode
(1, 2,... 89, 0) Bit
Bits/ Samples/
Renge Semple Second
NA 22 1.67
0-127 (Frame count 7 1.67
reads all zero's
on channel 90)
1 1.67
Meaning
Normal data rate
Low data rate
3 1/54
Data processor
Serial mumber
ALSEP D
1 to 127 f *
"0" no parity 1 *

"1" parity

May be used to determine bit error rate during off line processing.

Bits 1 and 2 of Word L46.

*One word sample is sent for each command received; other samples are all zeros.

Figure 6-3.- Control and command verification word format.
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BASIC

TABLE 6-V.- TELEMETRY SUBSYSTEM POWER REQUIREMENTS AND OVERLOAD PROTECTION

; Component Voltage bus Watts | mAdc Circuit protection
Digital data +12 Vde * 1% 0.05 ‘None
processor,
Xory . +5 Vdec * 1% 0.450 None
. Il 415 Vde + 1% 0.05 None
;7 Analog multiplexer !
: and A/D converter, +12 Vdc + 1% 0.1ko None
' XorY +5 Vdc = 1% 1.10 None
Lo -12 Vdc + 1% 0.11 - None
Transmitter , ] CB~03 Xmtr A 560 to 840 mA
Aor B +29 Vde + 1% { 10.8 375:0 1 ¢B-05 Xmtr B 560 to 840 mA
! Transmitter heater | +29 Vdc * 1% 8.4 : None
! Diplexer switch +12 Vde + 1% 0.15 12.5 CB-Ok 110 to 225 mA
i
i TABLE 6-VI.- TRANSMITTER CHARACTERISTICS
Frequency « . « « « « « « . 2276.0 MHz
Modulation- . . . . . . . . PM * 1.25 radian, phase-modulated carrier

Stability (long-term) . . . *0.0025 percent/year
Power output . . . « . . . 1 watt minimum
Power input . . . « « . . . 10.0 to 10.8 watts

TM parameters . . « » « « . 4
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Symbol

AE-3
AE-1
AE-2
AT-3
ABE-b
AR-1
AR-}

AZ-1
AZ~-2

AE-6
AB-5
AT-10
AT~L40
AB-G
AT-23
AT-2h
AE-T
AE-19
AE-18
Al~1
AL-5
AS-1
AB~6
AT-1
AT-4
AH~1
AB-T
AT-25
AT-26
AT-27
AT-28

AE~20
AR=2
AL-2
AL-6
AS-2

AT-2
AT-5
AS-3
AH~2

" TABLE 6-VII.- CHANNEL AND MEASUREMENT ASSIGNMENTS FOR ANALOG MULTIPLEXER (ALSEP WORD 33)

Location/Name

Converter Input Voltage

0.25 Vdec Calibration

4.75 vdc Calibration

Thermal Plate Temp 1

Converter Input Current

RTG Hot Frame 1 Temp

RTG Cold Frame 1 Temp

Shunt Regulator 1 Current
Receiver A 1KC Status

Timer 18 Hr Status

Timer Counter No. 1 Status .
Power Distribution Exper 1 and 2 Standby Status
Shunt Regulator 2 Current
Power Distribution Exper 3, 4, 5 Standby Status
Primary Structure Bottom Temp 1
Receiver Case Temp

Receiver B 1KC Status
Transmitter A Crystal Temp
Transmitter A Heat Sink Temp
PCU Qutput Voltage 1 (29 V)
Receiver A Input Sig
Transmitter B Current

LP Amplifier Gain (X and Y)
Leveling Mode and Coarse Sensor Mode
Central Station Pkg Temp (ASE)
Receiver A Pwr Status

Sunshield Temp 1

Thermal Plate Temp 2

HFE Supply Voltage No. 1 (5 V)
Receiver B Pwr Status
Transmitter B Crystal Temp
Transmitter B Heat Sink Temp
Analog DP, Base Temp

Analog DP, Internal Temp

PCU Output Voltage 2 (15 V)
Receiver B Input Sig

RTG Hot Frame 2 Temp

LP Amplifier Gain (Z)

Thermal Control Status

Mortar Box Temp (ASE)

Shunt Regulator 2 Current
Sunshield Temp 2

Thermal Plate Temp 3

Grenade Launcher Temp (ASE)

HFE Supply Voltage No, 2 (=5 V)

Channel

Number

Symbol

AT-29
AT-30
AT-31
AT-32
AE-9
AE~15
AR-3
Al-3
AL-T
AH-3
AE~5
AH~-6
AT-6
AT-8
AT-12
AT-33
AT-34
AT-35
AT-36
AE-10
AE-16
AR-5

AL-8
AB~10
AT-T
AT-13
AS-h
AH-4
AH-T -
AT-37
AT-38
AT-39
AE-11
AE-12
AB-17
AR-6
BLANK
BLANK
BLANK
AZ-3
AT-9
AT-11

BLANK

Location/Name

Digital D/P, Base Temp

Digital D/P, Internal Temp
Command Decoder Base Temp
Command Decoder Internal Temp
PCU Output Voltage 3 (12 V)
Transmitter A, RF Power

RTG Hot Frame 3 Temp

Level Direction and Speed
Calibration and Status LP and SP
HFE Supply Voltage No. 3 (15 V)
Shunt Regulator 1 Current ’ °
HFE Low Conductivity Htr Status
Thermal Plate Temp 4

Primary Structure Wall Temp 1 (Left)
Insulation Inner Temp

Command Demodulator, VCO Temp
Power Distribution, Base Temp
Power Distribution, Internal Temp
PCU, Power Oscillator 1 Temp

PCU Output Voltage 4 (5 V)
Transmitter B, R.F. Power

RTG Cold Frame 2 Temp

SP Amplifier Gain (2)

Uncage Status

D/P X On/Off Status

Thermal Plate Temp 5.

Insulation Outer Temp

Geophone Temp (ASE)

HFE Supply Voltage No. 4 (-15 V)
HFE High Conductivity Htr Status
PCU, Power Oseillator 2 Temp
PCU, Regulator 1 Temp

PCU, Regulator 2 Temp

PCU Output Voltage 5 (-12 V)

PCU Output Voltage 6 (-6 V)
Transmitter A Current

RTG Cold Frame 3 Temp

Timer Counter No. 2 Status
Primary Structure Wall Temp 2 {Right)
Primary Structure Wall Temp 3 (Back)

JIsve
€ dIsTy
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ALSEP 3

. BASIC
TABLE 6-VIII,~ ANALOG CHANNEL USAGE
CENTRAL STATION:
Neminal
Operating
. Limits  Hom
Oper
Symbol . Location/Name Channel | Low High Value
. Structural /Therma) Temperatures (Fahrenheit)
AT-1 Sunshield Temp 1 27 ~2h50 165° -80°
AT-2  |3unshield Temp 2 L2 -245° 165° -80°
- AT-3 Thermal Plate Temp 1 4 -20° 1ko° 83°
ATk *  |Thermal Plate Temp 2 28 -20° 1ho° . 83°
AT-5 Thermal Plate Temp 3 43 . =20° 1bo° 83°
AT-6 Thermel Plate Temp U 58 -20° 1ho° 83°
AT-T7 Thermel Plate Temp 5 T1 ~20° 1ko® 83°
AT-8 Primary Structure Wall Temp 1 (Left) 59 -210° 236° 0°
A AT-9 Primary Structure Wall Temp 2 (Right) 87 -210° 236° 0°
AT-10 [Primary Structure Bottom Temp 1 15 -210° 258° 6°
AT-11 [Primsry Structure Wall Temp 3 (Back) 88 ~-300° 315° 28°
AT-12 {Insulation Inner Temp 60 -20° 157° 6ho
AT-13 |Insulation Outer Temp 72 ~135° 210° 26°
Electronic Temperatures (Fahrenmheit)
AT-23 [Trensmitter A Crystal Temp 18 ~10° 140° 75°
AT-2Y  |Trensmitter A Heat Sink Temp 19 -10° 145° 75°
AT-25 |Trensmitter B Crystal Temp*¥* 31 -10° 1koe 75°
ATw26 |[Transmitter B Heat Sink Temp¥* 32 -10° 1hs° 75°
AT-27 |Analog D/P, Base Temp 33 -20° 1ko® 83°
AT-28 |Analog D/P, Internal Temp 34 -7° 130° 90°
AT-29 [Digitel D/P, Base Temp 46 ~10° 125° 83°
AT-30 |Digital D/P, Internal Temp 47 -12° 148° 87°
AT-31 |Commend Decoder, Base Temp 48 -10° 1ho° 83°
AT-32 {Command Decoder, Internal Temp L9 © =100 1khse 86°
AT~33 |Commend Demoduletor, VCO Temp 61 -10° 1hse 86°
AT-34  |Power Distribution Unit, Base Temp 62 ~10° 1ko° 83°
AT-35 |Power Distribution Unit, Internal Temp 63 10° 150° 100°
AT-36 |PCU, Power Oscillator 1 Temp 6k -10° 165° 1
AT-37 |PCU, Power Oscillator 2 Temp 76 -10° 165° 9k°
AT-38 |PCU, Regulator 1 Temp 7 ~10° 195° 103°
AT-39 |PCU, Regulator 2 Temp 78 ~10° 195° 103°
Central Station Electrical .
AB-1 0.25 Vdec Celibretion 2 .2hv .26V .25V
AE-2  {4.75 Vdc Calibration 3 L, 72V 4. T8V L.75v
AE~3 Converter Input Voltage 1 15.hv 16.9V 16.2V
AB-L Converter Input Current 5 3.9A L.TA koA
AB-5 Shunt Regulator 1 Current 8 &56] 0.3 2.7A 1.1A
AB-6 Shunt Regulator 2 Current#*# 13 & 41| 0.3A 2.TA 1.1A
AE-T PCY Output Voltage 1 (29 V) 20 28.0v 30.0V 29.0V
AE-8 PCU Output Voltage 2 (15 V) 35 1k,5v 15.6V 15.0V
AR-9 PCU Output Voltage 3 (12 V) 50 11.75V  12.25V 12.0V
AE-10 |PCU Output Voltage 4 (5 V) 65 L.75v 5.3V 5.0V
AE-11 |PCU Output Voltage 5 (=12 V)* 79 -12.75V -11.9V -12,0V
AE-12 |PCU Output Voltage 6 (-6 V)* 80 -6.2V -5.9V 6.0V
AE=19 |Revr A Input Sig Level 21 -350dbm -5 dbm -88 dbm
AE~20 |Revr B Input Sig Level 36 L.sabm  7.5dbm 6.1dbm
AE-15 [Transmitter A, RF Power 51
A¥-16 {Transmitter B, RF Power®#*¥ 66
AE-1T##| Transmitter A Current 81
AE-18%%| Transmitter B Current®** 22

*¥AE-1] and AE~-12 values also vary with changes of PCU output voltage 1 (29V), AE-T.
**Temperature dependent.
#¥%Redundant functions, not normally active,

6-13




ALSEP 3

BASIC
TABLE 6-VIII.- ANALOG CHANNEL USAGE - Concluded
Nominal
Operating " Redline
Limits on Limits
Oper
Symbol Location/Name Channel { Low High Value Low Righ
RTG Temperatures (Fahrenheit
AR-1 Hot Frame 1 Temp 6 1060° 1150° 1107°
AR~-2 Hot Frame 2 Temp 37 1060° 1150° 1107°
AR-3 Hot Frame 3 Temp 52 1060° 1150° 1107°
AR-4 | Cold Frame 1 Temp 7 415° 500° ks50°
AR-5 Cold Frame 2 Temp 67 Loo° k70° 430°
AR-6 Cold Frame 3 Temp 82 415° 500° Lsge
Central Station Discretes Value in Decimal PCM
AB-L Power Distribution Experiment 1 and 2 12 Exper 1 er 2
Standby Status Standby-off Standby-off 11
Standby-on Standby-off 72 £ 10
Standby-off Standby-on 131 + 10
Standby-on Standby-on 192 = 12
AB-5 Power Distribution Experiment 3, L4, ang 5| 14 Exper 3 Exper b Exper 5
Standby Status Standby-off Standby-off  Standby-off 11
Standby-off Standby~-off  Standby-on 35 £ 10
Standby-off Standby-on Standby-off 69 + 10
Standby~-off Standby-on Standby-on 100 %= 10
Standby-on Standby-off  Standby-off 131 # 10
Standby-on Standby-off Standby-on 160 + 10
Standby-on Standby-on Standby-off 188 % 10
Standby-on Standby~-on Standby-on 21k + 10
AB-6 Rec A Pwr Status 26
AB-T Rec B Pwr Status 30
AB-8 Rec A CMD Subcarrier Status 9 No modulation O to 76, no carrier 128 to 255
Modulation 77 to 127
AB-9 Rec B CMD Subcarrier Status 17
AB-10 | Data Processor X On/Off Status T0 X processor on PCM'> 128
N X processor off TCM < 32
AZ-1 Timer 18 Hr Status 10 0 to 18 hrs PCM < 32
18 to 36 hrs DM >128 Alternates every 18 hours
AZw2 Timer Counter 1 Status 1x 0 to 1-1/2 months PCM < 32 } Alternates every 1-1/2
1-1/2 to 3 months PCM > 128 f months
AZ-3 Timer Counter 2 Status 86 0 to 1-1/2 months PCM < 32 } Alternates every 1-1/2
1-1/2 to 3 months PCM > 128 § months
EXPERIMENTS
Symbol Location/Name Channel Nominal Operating Limits
Passive Seismic
AL-1 LP Amplifier Gain (X and Y) 23 Discrete
AL-2 IP Amplifier Gain (Z) 38 Discrete See
AL~3 Level Direction and Speed 53 Discrete Table
Al-h SP Amplifier Gain (2Z) &8 Discrete 6-IX
AL-5 Leveling Mode and Coarse Sensor Mode 2y Discrete (PSE)
Al-6 Thermel Control Status 39 Discrete Page
AL-7 Calibration Status LP and SP 54 Discrete 6-15
AL-8 Uncage Status _ . 69 Discrete
Active Seismic (ASE in Standby, HBR OFF only)
AS-1 ASE Int Pkg Deg C 25 ~20° to +60° ¢
AS-2 Mortar Box Deg C 40 -60° to +85° ¢
AS-3 | ASE GLA Deg C bk -60° to +85° ¢
AS-L Geophone Deg C T3 -200° to +130° C
Heat Flow
AH-1 Supply Voltage 1 (5 V) 29 4.9 to 5.1 Vde
AH-2 Supply Voltage 2 (-5 V) 45 ~k.9 to 5.1 Vde
AH-3 Supply Voltage 3 (15 V) 55 1L.7 to 15.3 Vdc
AH-L Supply Voltage 4 (-15 V) Th -14.7 to ~15.3 Vde
AH-5 Not Assigned
AH-6 Low Cond Heater Power Status 57 Discrete
AH-T High Cond Heater Power Status 5 Discrete
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TABLE 6-IX.- PSE MEASUREMENTS
Scientific Measurements
ALSEP
Symbol Location/Measurement ALSEP Word Frame Sensor Range
DL~ 1 Long Perioci X Seigmic 9, 25, hl, 5T Every 1 mp to 10y
DL~ 2 Long Period Y Seismic 11, 27, 43, 59 Every 1 mup to 10u
DL- 3 Long Period Z Seismic 13, 29, k5, 61 Every 1 mu to 10u
DI~ & Long Period X Tidal 35 Even 2l predians
a DL- 5 Long Period Y Tidal .37 Even *2h yredians
DL~ 6 Long Period Z Tidal 35 oad £l mgal
DL- 7 Instrument Temp . 37 cad 107 - 1k3°F
. DL~ 8 Short Period Z Seismic Every Even Every 1 mu to 10p
Word Except ’
2, 24, U6, 56
Engineering Measurements
8 channels of Engineering Measurements included in ALSEP Word 33
Symbol Lotation/Measurement Ansalog Channel Sensor Range Decimal PCM
AL- 1 LP Ampl Gein (X and Y) 23 0 db 0-0.4v 0-21
) : ~10db 0.6-1.4 31-72
-20db 1.6-2.4 82-122
-30db 2,6-4.0 133-20k
AL~ 2 LP Ampl Gain (Z) 38 0 db 0-0.4v 0-21
4 : ~10db 0.6~1.k 31-72
~20db 1.6-2.4 82-122
-304b 2.6-b.0 133-20k
AL- 3 Level Direction and Speed 53 +1ow 0-0.4v 0-21
~low 0.6-1.k% 31-72
+high 1.6-2.4 82~122
~high 2.6-4.0 133-20h4
AL- U SP Ampl Gain (Z) 68 0 db 0-0.4v 0-21
-10db 0.6-1L.4 31-72
-20db 1.6-2.4 82.122
~30db 2.6-4.0 133-204
N Al~ 5 Leveling Mode and Coarse | 24 Automatic, coarse sensor out 0-0,k4v 0-21
Sensor Mode Forced, cosarse sensor out 0.6-1.4 31~-72
Automatic, coarse sensor in 1.6-2.4 82-122
Forced, coarse sensor in 2.6-4,0 133-20k
AL- 6 Thermal Control Status 39 Automstic Mode ON 0-0.kv 0-21 .
Autometic Mode OFF 0.6-1.4 31-72
Forced Mode ON 1.6-2.4 82-122
Forced Mode OFF 2.6-4,0 133-204
AL- 7 Calibretion Status LP & S Sk A1l ON 0-0,4V 0-21
LP - ON, SP - OFF 0.6-1.k4 31-72
1P -~ OFF, SP - ON 1.6-2.h 8o.122
A1l OFF 2.6-4,0 133-204
AL- 8 Uncage Statis 69" Caged 0-0.4y 0-21
Arm 0.6-1.4 31-72
t ' Uncage . 1.6-2.4 8o-122
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Scientific Measuremen

ALSEP 3
BASIC

TABLE 6~X.~ LSM MEASUREMENTS

ts

ALSEP
Symbol | Location/Measurement Word | Frame Range
DM-25 LSM X-Axis Field 17,49 | Every 150,100,200 gamme
IM--26 LSM Y-Axis Field 19,51 | Every *50,$100,4200 gamma
DM-27 LSM Z-Axis Field 21,53 | Every £50,%100,$200 gamma

These data are in Wor

'

ds 17, 19, 21, 49, 51, 53 and have the following format:

29

29|27125'25[2‘*l23‘]22|21l2°

*polarity
Bit

Science Data

*#0 = Plus 1, 1 = Minus

Engineering Measurements

Housekeeping is located in ALSEP Word 5 which is subcommutated over 16 freames as follows:

Bit in Word 5 29 | 28 l 27 I 26 l 25 l ot I 23 ] 22 2l ! 20
Meaning F Al A3 Ak A5 A6 AT Bl B2
Engineeri Data Status
e ng Bits

Where Bl, B2 are bistable status data
.y AT are bits derived from analog measurements

Al,

F locates the subcommutation start, F = 1 is Frame 1 of the subcommutation and F = 0 elsewhere,

Symbol Location/Measurement XI}IOLSrgP Frame Sensor Range
DM~1 Sensor X Temp 5 1,9 -30°C to +65°C
DM-2 Sensor Y Temp 5 2,10 -30°C to +65°C
DM=3 Sensor Z Temp Eng. 5 3,11 -30°C to +65°C

. DM-h Base Temp Date 5 k,12 -30°C to +65°C
DM=-5 Internal Temp 5 5,13 -30°C to +65°C
DM~6 Level Sensor 1 5 6,14 ~15° to +15° (arc)
DM-T Level Sensor 2 5 7,15 ~15° to +15° (arc)
DM-8 Supply Voltage 5 8,16 0 to +6.25Vdc
DM-9 X Flip Position 5 1 Discrete) 2 status bits
DM-10 Y Flip Position 5 2 Discrete 2 status bits
DM-11 Z Flip Position 5 3 Discrete 2 status bits
DM-12 X Gimbal Position 5 4 Discrete 1 status bit
DM-13 Y Gimbal Position 5 b Discrete 1 status bit
DM-1k Z Gimbal Position 5 5 Discrete 1 status bit
DM~15 Thermal Control State 5 5 Discrete 1 status bit
DM~16 Measurement Range 5 T Discrete 2 status bits
DM-17 X Offset Field 5 9,10 Discrete 3 status bits
DM~18 Y Offset Field 5 10,11 Discrete See Table 6-XI 3 status bits
DM~19 Z Offset Field 5 12,13 Discrete > (LSM) Page 6-1T7 3 status bits
DM~20 Scientific/Calibrate Mode 5 13 Discrete 1 status bit
DM-21 Offset Axis Address 5 14 Discrete 2 status bits
DM~22 Filter ON/OFF Status 5 15 Discrete 1 status bit
DM-23 Flip/Cal Inhibit Status S 15 Discrete 1 status bit
DM-24 Filler Bits 5 16 Discrete 2 status bits
DM~28 Heater ON/OFF 5 6 Discrete 1 status bit
DM~29 Filler Bits 5 8 - Discrete 3 status bits
DM~30 Frame Number 5 (Derived from /

F in Freme 1)




ALSEP 3

BASTIC
Teble 6~XI.- LSM 16 POINT ENGINEERING SUBCOMMUTATION FORMAT AND ENGINEERING STATUS
BIT STRUCTURE IQCATED IN ALSEP MAIN FRAME, WORD 5
Frame Engineering Status Subcommutation )
Mark Bit Parameter Parameter Frame Bi B2 Status
1 Sensor X Temp X-axis Flip Position 1 olo Not at 0°, 90°, or 180° position
X~axis Flip Position 1 01 0° position
X-axis Flip Position 1 110 90° position
X-axis Flip Position 1 111 180° position
[} Sensor Y Temp Y-axis Flip Position 2 ol o Not at 0°, 90°, or 180° position
Y-axis Flip Position 2 ol 1 0° positicn
Y-axis Flip Position 2 10 90° position
Y-axis Flip Position 2 1§ 1 180° position
0 Sensor Z Temp Z-axis Flip Position 3 oo Not at 0°, 90°, or 180° position
Z-axis Flip Position 3 011 0° position
%Z-axis Flip Position 3 1{o0 90° position '
Z-axig Flip Position 3 1] 1 180° position
0 Base Temp X-axis Gimbal Position L 1 Pre Site Survey Position
X-exis Gimbal Position b 0 Post Site Survey Position
Y-axis Gimbal Position b -1 Pre Site Survey Position
Y-axis Gimbal Position y 0 -Paost Site Survey Position
[} Internal Temp Z2-axis Gimbal Position 5 1 Pre Site Survey Position
Z-axis Gimbal Position 5 Q0 Post Site Survey Position
Temp Control State 5 1 X-axis Control
Temp Control State 5 0 Y-axis Control/OFF
0 Level Sensor 1 Heater Power Status 6 1] 1 Heater ON
Heater Power Status [ 1]0 Heater OFF
0 Level Sensor 2 Measurement Range T 0 0 50 Y Range
Measurement Range T 1 0 100 y Range
Measurement Range T i1 200 vy Range
Measurement Range T 0 1 Error
0 Supply Voltage 1 | Filler Bits 8 14 1 Not used
[¢] Sensor X Temp X-axis Field Offset 9 01 J 0% offset
0 Sensor Y Temp X-axis Field Offset 10 1 > ,{0% offset
X-axis Field Offset 9 110 -25% offset
X-axis Field Offset 10 0 }_‘_{-25% offset
X-axis Field Offset 9 110 -50% offset
X-axis Field Offset 10 1 -50% offset
X-axis Field Offset 9 1}1 } '{ -75% offset
X-axis Pield Offset 10 0 -75% offset
X-sxis Field Offset 9 0 0 +75% offset
X-axis Field Offset 10 0 } {+75% offset
X~-axis Field Offset 9 o} o0 +50% offset
X-axis Field Offset 10 1 : {+50% offset
X-axis Field Offset 9 o1 1 } +25% offset
X~axis Field Offset 10 [¢] +25% offset
Y-axis Field Offset 10 0 } 0% offset
o] Sensor 7 Temp Y-axis Field Offset 11 1)1 0% offset
Y-axis Field Offset 10 1 } ‘-25% offset
Y-axis Field Offset 13 o} 0 -25% offset
Y-axis Field Offset 10 1 } {—50% offset
Y-axis Field Offset 11 o1 -50% offset
Y-axis Field Offset 10 1 } {—75% offset
Y-axis Field Offset 11 1] 0 -75% offset
Y-axis Field Offset 10 ¢} +75% offset
Y-axis Field Offset 11 0t 0 } ‘+75% offset
Y-axis Field Offset 10 o] +50% offset
Y-axis Field Offset 11 o)1 +50% offset
Y-axis Field Offset 10 0 +25% offset
Y-axis Field Offset 11 1 Q +25% offset
0 Base Temp Z-axis Field Offset 12 o1 } {0% offset
Y] Internal Temp Z-axis Field Offget 13 1 0% offset
Z-axis Field Offset 12 110 ) { ~25% offset
Z-axis Field Offset 13 0 -25% offset
Z-axis Field Offset 12 1]o ’ { -50% offset
Z-axis Field Offset 13 1 ~50% offset
Z-axis Field Offset 12 1)1 } : -75% offset
Z-axis Field Offset 13 0 -75% offset
Z-axis Field Offset 12 oo’ +75% offset
Z~axis Field Offset 13 0 : { +75% offset :
Z-axis Field Offset 12 00 : {+50% offset
Z-axis Field Offset 13 1 +50% offset
Z-axis Field Offset 12 of1 } {+25% offset
Z-axis Field Offset © 13 0 +25% offset
Scientific/Cal Mode 13 0 Calibrate ON
13 1 Calibrate OFF
0 Level Sensor 1 Offset Axis Address 1% 0 0. Not at X, Y, or Z
Offset Axis Address 1k 1 {0 X-axis position
Offset Axis Address 14 o]1 Y-axis position
Offset Axis Address 1h 111 Z-axis position
0 Level Sensor 2 Filter Status 15 1 Filter bypassed
Filter Status 15 o} Filter not bypassed
Flip/Cal Inhibit Status 15 1 Calibration Inhibited
Flip/Cal Inhibit Status 15 o] Calibration not inhibited
0 Supply Voltage 1 16 010 Not_uged

‘Filler Bits
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TABLE 6-XII.- ACTIVE SEISMIC EXPERIMENT MEASUREMENTS LIST, ALSEP 3
(ASE IN OPERATE SELECT, HBR ONLY)

ALSEP 3
BASIC

Otherwise

Symbol Location/Measurement ASE Word Subword Sensor Range
DS~1T ASE Frame Sync 0 1&2 PCM 0000111011 binary
DS~ 2 Geophoﬁe 2 Data 0-31 3 Millimicrons of gnd motic;n
Ds- 3 Geophone 3 Data O=31 b Millimicrons of gnd motion
DS- 1 Geophone 1 Data 1 1 Millimicrons of gnd motion
1-31 2
AR- 4 | (14 Frame 1 Deg F 2-3 1 400° to 600°F Note 1
DS- 7 ASE Pitch Deg L5 1 #10° (arc) Note 1
DS~ 5 Mortar Box Gnd V 6~T 1 0 to 5000 mV Note 1
DS~ 6 ASE Roll Deg 8-9 1 +10° {arc) Note 1
Not used 10-11 1 ——————
AS- 3 ASE GLA Deg C 12-13 1 =T0° to +100°C Note 1
DS~ 8 ASE Cal Sig Volts 1h-15 1 0 to 5 Vde Note 1
DS-11 ASE ADC 3.75 Volts 16-17 1 0 to 5 Vde Note 1
bS-10 ASE ADC 1.25 Volts 18-19 1 0 to 5 Vde Note 1
AS~ 1 ASE Int Pkg Deg C 20-21 1 =T70° %o 100°C Note 1
AP~ 3 PCU In Volts 22-23 1 0 to 20 Vdc Note 1
AR~ L PCU In Amps 2h-25 1 0 to 5 Adc Note 1
AR~ 1 Hot Frame 1 Deg F 26-27 1 950° to 1150°F Note 1
DS-18 ASE Mark Event 28 1 PCM 00100 binery Note 2
DS-19 | ASE Word Cmt 29 1 PCM O - 31 decimal Note 3
DS-20 ASE Event Bit Cnt 30 1 PCM decimal cnts Note k&
DS-13. ASE Mode ID 31 1 PCM decimal cnts Note .5
Note 1: Typical engineering word formats:
ASE Word 2 ASE Word 3
AR-L4 AR-N
7 l 26 [25 ’2“ ' ~ DS-1 DS-2 DS-3 23| 22[ 21| 20 I ~ DS-1 DS-2 DS-3
Note 2: DS-18 - Mark Code = 00100 if resl-time event {RTE) occurred in previous frame,
Otherwise all zeros,
Note 3: DS-19 - Reads out the word number (in PCM) in previous frame in which an RTE occurred.
Otherwlise all zeros.
Note 4: DS-20 - Reads out the bit number (in PCM) in the word in which an RTE occurred.
all zeros.
Note 5: DS~13 ~ Reads out the mode ID in PCM.

0

1
2
L

ON

ARM GRENADES

ARM THUMPER
CALIBRATE GEOPHONES
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ALSEP 3

BASIC
TABLE 6-XIIT.- ACTIVE SEISMIC EXPERIMENT MEASUREMENTS LIST, ALSEP 3
' ASE Mode
Symbol Location/Measurement Range OPER SEL STBY SEL
. HER off* HBR on** HER, of £* HER on

= AS-1 ASE Int Pkg Deg C ~70° to +100° C — ASE WD 20-21 CH 25

AS-2 Mortar Box Deg C -75° to +100° ¢ CH 4o ——— CH 40 Meaningless
* AS-3 ASE GLA Deg C ~70° to +100° C —-— ASE WD 12-13 CH 4i downlink

AS-b Geophone Deg C -200° to +130° C _— — CH 73

*Via AISEP 90-channel analog MUX.

*#*Vig ASE 10.6 kbps downlink.
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ALSEP 3

FCD 12-69.23.22A BASIC
f":lle:\fv Bit Position » ALSEP
Word 1 2 3 4 5 6 7 8 9 10 |Frames

, R2 R1 0 P4 P3 P2 P1 212 211 210 0
28 1 27 120291 2% 23| 22| 2| 2°
1 R M3 0 0 212 211 210
8 7 2 2 4 23 22 2l 20 3
, R1 H H H 1 0 212 211 210 4
28127 |20 25 2% 222228 ]2°% s
1
, 0 0 0 0 0 212 211 2 0 6
29 | 28 | 27 | 20 22 | 2% 23| 22| 21 | 2°
Notes:

1. It takes two ALSEP main frames to downlink one heat flow word, It takes
four heat flow words to obtain one measurement except in Thermocouple
Group Probe 1 and 2. In Thermocouple Group Probe 1 and 2 each heat
flow word contains a single measurement,

2. Measurement DH-90: Ml’ MZ’ and M3 identifies mode,

3. Measurement DH-91:

P4, P3, P2, and P1 are measurement identification in gradient

mode and low conductivity mode.

Measurement DH-9 2:

R2 and R1 are the binary equivalent of heat flow word and identify

the analog parameters (13-bits) that are used in the calculation
to derive the engineering units for a measurement number,

Measurement DH-93:
H4, H3, H2, and Hl identify the conductivity heater status. In

the high conductivity mode it identifies the measurement numbers
also,

Measurement DH-94:
Filler bits (shown as zeros in above chart).

Figure 6-6. - HFE word format.
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TABLE 6-XIV.- HFE MEASUREMENTS, MODE 1 AND 2 GRADIENT AND LOW CONDUCTIVITY

. SYMBOL LOCATTION/MEASUREMENT FRAME RANGE
DH-1 AT11 H Temp Grad High Sens 0-17 +2°C
. DH-2 AT12 H Temp Grad High Sens - 8-15 +2°C
DH-3 AT21 H Temp Grad High Sens 90-97 - +2°C
DH-4 ATpo H Temp Grad High Sens 98-105 +2°C
DH-5 AT11 L Temp Grad Low Sens 180-187 | +20°C
DH-6 AT12 L Temp Grad Low Sens 188-195 +20°C
DH~T 4Toq L Temp Grad Low Sens 270-277 +20°C
DH-8 8Too L Temp Grad ILow Sens 278-285 +20°C
DH-9 Ti1l  Probe, Ambient Temp | 360-367 | 200 to 250°K
DH~-10 ‘| Ti2 Probe, Ambient Temp | 368-375 | 200 to 250°K
DH-11 T2l  Probe, Ambient Temp | 450-457 | 200 to 250°K
DH-12 Top  Probe, Ambient Temp | 458-L65 | 200 to 250°K
DH~13 Ref Tp, Temp Ref Junction 54L0-547 | -20 to +60°C
¥ DH-1k4, 24, 34, 4k | TCy Group Probe Cable Temp | 548-555 90 to 350°K
DH-15 ' Ref Tp, Temp Ref Junction 630-637 | ~20 to +60°C

ﬂ DH~16, 26, 36, 46 | TC2 Group Probe Cable Temp | 638-645 90 to 350°K

¥See Table T-I1 for these measurements.
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TABLE 6-XV.- HFE MEASUREMENTS, MODE 3, HIGH CONDUCTIVITY

ALSEP 3
BASIC

SYMBOL | LOCATION/MEASUREMENT | FRAME | RANGE | H-BITS | PROBE | BRIDGE | HEATER STATUS
DH-50 Differential Temp 0-7 0000 1 1 Off
DH-51 Ambient Temp 8-15 0000 1 1 off
DH~52 Differential Temp 0-7 0001 1 1 Hi2 On
DH-53 Ambient Temp 8-15 0001 1 1 Hi2 On
DH-60 Differential Temp o-7 0010 1 2 off
DH-61 Ambient Temp 8~15 0010 1 2 off
DH-62 Differential Temp o-7 0011 1 2 Hjhk On
DH-63 Ambient Temp 8-15 0011 1 2 Hih On
DH-56 Differential Temp o-7 0100 1 1 off
DH-5T Ambient Temp 8-15 0100 1 1 Ooff
DH-58 Differential Temp 0-7 0101 1 1 Hy; On
DH-59 Ambient Temp 8-15 0101 1 1 Hjj On
DH-66 Differential Temp 0-7 0110 1 2 Off
DH-6T Ambient Temp 8-15 0110 1 2 off
DH-68 Differential Temp 0-7 0111 1 2 H13 On
DH-69 Ambient Temp 8-15 0111 1 2 Hy3 On
DH-T0 Differential Temp o-7 1000 2 1 off
DH-T1 Ambient Temp 8-15 1000 2 1 off
DH-T2 Differential Temp o-7 1001 2 1 Hpp On
DH~T3 Ambient Temp 8-15 1001 2 1 Hoo On
DH-80 | Differential Temp 0-7 1010 2 2 off
DH-81 Ambient Temp 8-15 1010 2 2 off
DH-82 Differential Temp 0-T7 1011 2 2 Hp) On
DH-83 Ambient Temp 8-15 1011 2 2 H2h On
DH-T6 Differential Temp o-7 1100 2 1 off
DH-T7 Ambient Temp 8-15 1100 2 1 off
DH-78 Differential Temp o-7 1101 2 1 Hop On
DH~T9 Ambient Temp 8-15 1101 2 1 Hpl On
DH-86 Differential Temp 0-7 1110 2 2 off
DH-8T Ambient Temp 8-15 1110 2 2 off
DH~88 Differential Temp 0-7 1111 2 2 H23 On
DH-89 Ambient Temp 8-15 1111 2 2 Hp3 On
TABLE 6-XVI.- HFE MEASUREMENTS, ANATOG
DECIMAL

SYMBOL LOCATION/MEASUREMENT CHANNEL RANGE POM

AH-1 Supply Voltage #1 29 0 to +5 Volts

AH-2 Supply Voltage #2 45 0 to -5 Volts

AH-3 Supply Voltage #3 55 0 to +15 Volts

AH-L Supply Voltage #4 T4 0 to -15 Volts

AH~5 Not Assigned

AH-6 Low Cond Heeter Power Status 57 2 to 2.5 Volts On 102-128 Htr On

otherwise Off 3-101 Htr Off
AH-T High Cond Heater Power Status 75 2 to 2.5 Volts On 102-128 Htr On
otherwise Off 3-101 Htr Off
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A
a N M | L K ) I R 2 I H 1 c g F D l c | .
LTRIPCN| DR | ENGR |  DATE | APPROVAL
INPUTS 2 1
10 X PROCESSOR D DATE GATE T0 CMD DECODER lZ2 COMUERTS:
ANALOG SHIFT PULSES TO CMD DECODER
MULTIPLEXER X CHANNEL s . 83
FRAME MARK TO LSM
CHANNEL X A/D CONVERTER ZJ 4
NUMBER SYMBOL 8.3
1 AE-3 GATE DRIVER DIGITIZE PULSE — ASE DATA TRANSMITTER A
2 AE-1 TURN ON X 1 o
3 AE-2 GATES * D
4 AT-3 i (d
A oy ST 12 coLUMN ROW DIGITAL
GATES " MULTIPLEXER
7 AR-4 X AD g OUTPUT 8 BIT PARALLEL >
8 AE-5 GATE " CONVERTER BUFFER v q
9 AB-8 = EF 1
10 AZ-1 .
1 AZ-2 "wi ;
12 AB-4 TOY 1 ®!
3 iy e 7 i N 0s¢ X16
14 AB-5 I MODULATOR
15 AT-10 TIMING PULSE ""ztsr oL
16 AT-40 5 VOC &
17 A8-9 ! CLOCK PULSE D
18 AT-23 12 COLUMN ROW - NRZ DATA TO L
10 AT-24 CH13-24 GATES TES ™1 ANALOG MULTIPLEXER ADVANCE TIMER AND TIMING LOGIC D =
20 AE-7 - A DATA GATE TIMING SERIAL DATA INPUT RELTL S DATA ASE HeR
2 :Ej; ADVANCE TO MULTIFORMAT COMMUTATOR ADV CCONTROL WORD
23 AL-1 JAIETIN X ANALOG MUX ENABLE WORDS (1, 2, AND 3) SYNC
TOY DEGF WORD DEMAND ASTRO SWITCH 5 X
25 AS-1 ANALOG “50° 10 +200° F i .2 FOR A/D 25 70 175"
26 AB-6 MuX AND 3 NS
27 AT-1 +5 voc POWER o
28 AT-4 RESET EF
29 AH-1 1 =
30 AB-7 12 COLUMN RoW ~
31 AT-25 CH2s-36 GATES GATES CONTROL ;|
32 AT-26 WORD D A
33 AT-27 GENERATOR &
33 AT-28 TIMING SIGNAL DEMAND REGISTER » )
AE-
4 AE20 ROW COUNTER =
TOY MULTIFORMAT MULTIFORMAT LINES WORD
ANALOG COMMUTATOR COMMUTATOR 10 SLOW MODE INPUT
37 AR-2 MUX GENERATOR COLUMN COUNTER DECODER EXPER-
38 AL-2 IMENTS [@-DATA GATE DATA
39 AL-6 TOPSE DEMAND
bt As-2 FOR PSE
41 AE-6 IN EVEN AND HFE
42 AT-2 R 12 COLUMN ROW - eV
43 AT-5 GATES GATES e |
44 AS-3
a5 AH-2 AN
46 AT-29
47 AT-30 W [ 3R
48 AT-31 ToY XMTR B |
ANALOG [— FRAME Z LZZ DATA BITS SEL |
a9 AT-32 MUX MARK DATA FROM = 7 (WORD 3 OF 1 Capih i
2‘1’ :2:25 TO HF LSM, PSE, AND CMo LSM CONTROL WORD) To ]
B i X le-90TH i = SLOW MODE SwitcH “Z‘ S : 2276.0 MHZ
g: AL-7 . 12 COLUMN ROW | FRAME DATA DEMAND INPUT NO 2 4.2 T
55 AH-3 SHARR GATES GATES MARK % ceos !
¥ TO HFE WORD 1 700 £140 M
56 AE-5
57 AH-6 T
58 AT-6
59 AT-8 o“:f‘:o"fvs SHIFT PULSES TO PSE 27 PR l
o A T0Y ok 0.25 VoL TS o K17 A3 x4 I
ANALOG BIT RT - THZ 7 SHIFT PULSES TO LSM 7.1 |
61 AT-33 MUX ! RST E - H
62 AT-34 I s 5 V : |
63 AT-35 | 1 SHIFT PULSES TO ASE
64 AT-36 V_n [ | | 75 +12voc —ot" e
65 AE-10 I\ | \ (o s | e
4 Ne-16 Y 12 COLUMN ROW > e, A R SR L RE2N FRAME MARK TO HFE : e b i !
6 o a g 1 H il INTERFACE 90TH FRAME MARK TO HFE } Z COUNTER FONBC V s
69 AL-8 i NETWORK 101 1
70 AB-10 V+5 voC : | 4.75VOLTS EVEN FRAME MARK TO PSE ARG ! ég:&g:goR‘ENgEIVERS
7 AT-7 | | N : DIPLEXER
72 AT=17 TOY | ! DATA GATE T0 PSE 71 O TRANSMITTER | SWITCH
PLEXER
ANALOG ) | D 13 o HEATER \ oI
;2 :»st: g TRO | | 81 WORD 1 XMTR [Tro 1 FILTER
~ T0 AS E
75 AH-7 SWITCH NO 2 ! ! DATA DEMAND TO PSE nZs OFF 14, !
AT-37 -~
7 AT-38 = wZs : i 006 — s 71 7 Sawar e i
78 AT-39 = 12 COLUMN R - | DATA ASE A FROM DATA DEMAND 10 e ) = 1
L Ay CH 73-84 SATES GATES 4.2 H : RM GATE 10.6 DEMAND LSM, HFE, Siow ol TIMER ZZ |
80 AE-12 | | BIT RT - TOPSE KBS FOR PSE PSE, AND oo, MODE TR 6.3 |
81 AE-17 | | SEL SHIFT AND HFE CMD DECODER DEC INPUT
82 AR-6 | | PULSES . 4 CB-05 !
83 BLANK | \ Z 17z /s 1s0m 700 + 140 MA i
84 BLANK ToY | 1 5.1 8.3 DATA BITS . | | T +12 voe
ANALOG | I (WORD 3 OF |
MUX | | SHIFT LINES EVEN 90TH FRAME CONTROL WORD) ! !
T | N AR FRAME FRAME MARK | :
85 BLANK I | EXP! TO PSE MARK :
- i F N 12coLumw ROW
87 AT-9
88 AT-11 CH 8590 GATES ates [
89 BLANK
90 BLANK
+29 voe 2276.0 MHZ D ASE HBR OFF (CMD 005) RETURNS DATA PROCESSOR
TO HBR OFF AND TO THE DATA RATE PRIOR TO ASE
T0Y HBR ON
oy TRANSMITTER B @ A POWER RESET (OR CMD 011) RETURNS DATA PROCESSOR
TO HBR IMMEDIATELY
ANALOG D ASE HBR ON (CMD 003)
Aovanceto. < ) GATES ON ASE 10.6 KBS SERIAL DATA TO THE
GATE GATE Y ANALOG MUX il D NRZC/SPLIT PHASE CONVERTER
DRIVERS DRIVERS (8) CHANGES CLOCK PULSE RATE APPLIED TO NRZC/SPLIT
+Ha2voe PHASE CONVERTER T0 10 6 KBS
+5V00 (C) INHIBITS ALL DATA DEMANDS TO THE PSE, LSM, HFE,
D COMMAND DECODER AND THE DIGITAL MULTIPLEXER
(D) INHIBITS ALL SERIAL DATA FROM SOURCES OTHER THAN
(E) INHIBITS THE OUTPUT OF THE CONTROL WORD GENERATER
(F) DOES NOT CHANGE THE TIMING (NBR OR LBR) T0 THE
+5 VOC w——me MULTIFORMAT COMMUTATOR GENERATOR, OR TIMING
(OTHER THAN INHIBITED DATA DEMANDS) TO THE PSE,
Y PROCESSOR - LSM, HFE, AND COMMAND DECODER
1 THRU 12 1 THRU 8 B _r“—-'wv—
e ST SAME AS X PROCESSOR D DEACTIVATING TRANSMITTER ALSO
* SEQUENCER SEQUENCER = DEACTIVATES TRANSMITTER TM SENSORS
Y A/D CONVERTER
X PROCESSOR, Y PROCESSOR, FRAME COUNTER AND
X ANALOG DIGITIZE PULSE ASEDATA TZ) D INTERFACE NETWORK ARE COMPONENTS OF THE
MLTIPLEXER DIGITAL DATA PROCESSOR
GATE DRIVER L
L ANALOG MULT I PLEXER TURNON Y NOTES: D REFER TO TABLE 4-VII FOR RELAY DRIVER
GATES DATA GATE TO CMD DECODER "Z’ FUNCTIONS AND INPUT POWER REQUIREMENTS
u24 5.1
¥ oA A/D OUTPUT [ gBIT
T0 FRAME COUNTER GATE CONVERTER [~ | BUFFER | PARALLEL SHIFT PULSES TO CMD DECODER i i
90TH FRAME. (Z; 3
5.1
Y CHANNEL
ANALOG FRAME MARK TO LS JATEDRN ALSTRN
s Z e
AGC VOLTS
(SAME AS X CHANNEL) 9.3 42770 +32 DBM
CHANNEL 1-90 N SIGNATURES DAYE] NATIONAL & SPACE
V,zo voe. gl
DEGF INPOU SAME AS TRANSMITTER A TELEMET!
SEre C1S ELEMETRY SUBSYSTEM
APP_J 5 ,(,..}Ipﬂ, 1/ %2
STC /2 1
L2260 350010 16
93.5X 34 PAGE 6-23 [ SHEET 1 oF 1




COMMAND
DECODER

245354 2€

DISCRETES

(8 BITS/WORD) (PARALLEL)

ALSEP HOUSEKEEPING ANALOG MULTIPLEXER
54,34 SECONDS/REVOLUTION

ASE HBR
oN

N

TRANSMITTER

SIGNATURES DATE | NATIONAL & SPACE

OR MANNED SPACECRAFT CENTER . HOUSTON, TEXAS
PSE DSGN: AL

e idliad MECHANICAL ANALOGY OF

Hvas———o—%4 TELEMETRY COMMUTATIONS

APP ., ! i3 A,

4 Wi
W e BT :Pfi:’m e 6.2
104.5 X 34 | PAGE 6-24 [ SHEET 1 OF 1

A/D
CONVERTER

ASE MAIN FRAME CHARACTERISTICS

32-20 BIT WORDS EACH CONSISTING OF
4-5 BIT SUBWORDS

10,600 BITS PER SECOND

0604, .. SECONDS/MAIN FRAME

S/W = SUBWORD

HEAT FLOW EXPERIMENT (HFE)

DH-15 DH-3 MODEIG

DH-4
DH-16, 26, 36, 46

CMD 145 )

|
FOLLOWED BY ) CMD 141 FULL SEQUENCE SELECT
CMD 146 [ (CLEARS CMD 142 THRU 146) =Lt

1
|
1
1
1
}
I
1
1

DH-13

DH-14,24,34,44

CMD 145
FOLLOWED BY
CMD 146

CMD 144
FOLLOWED BY
CMD 146

MODE/LK

TM FOR THIS MODE IS IDENTICAL TO MODE/G
BUT THE PROBE HEATER CURRENT SUPPLY
IS TURNED "ON® AND HEATERS RESPOND

TO CMD 152

MODEMK

Hyy ON

OFF

Haoq ON

NOTES: D

A

LTR[PCN[ DR | ENGR [ DATE | APPROVAL

COMMENTS
cwo | cmo | cmo| suscomm MEASUREMENT SUBCOMM

STATE RATE

By P SEC/REV
141 | 144 0 0| DH-1 THRU 4 108.8
142 | 144 0 0] DH-1 AND 2 54.4
143 | 144 0 0 | DH-3 AND 4 54.4
141 [14a]145 [0 1| DH-5 THRU 8 108.8
142 [144]145 [0 1] DH-5 AND 6 54.4
143 [144[145]| 0 1| 0H-7 AND 8 54.4
141 [144 1461 0| DH-9 THRY 12 108.8
142 |144]146]1 0 [ DH-9 AND 10 54.4
143 [144 [146] 1 0| DH-11 AND 12 54.4
141 |145] 146]1 1| OH-13 AND 15, 14-44, 16-46] 108.8
142 [145[146 |1 1] DH-13 AND 14, 24, 34, 44 54.4
143 [145[146]1 1] oH-15 AND 16, 26, 36, 46 54.4

WORDS 3 THRU 31 CONTAIN DS-1, 2, 3, INS/W 2, 3, AND 4

WHEN CMD 141 IS EXECUTED, THE SUBCOMMUTATOR RATE

15 434,712 SEC/REV. (BOTH PROBES ARE SAMPLED).

WHEN CMD 142 IS EXECUTED, THE SUBCOMMUTATOR IS
LOCKED IN THE "0" STATE (ONLY PROBE 1 IS BEING SAMPLED),

WHEN CMD 143 IS EXECUTED, THE SUBCOMMUTATOR IS LOCKED

IN THE "1 " STATE (ONLY PROBE 2 1S BEING SAMPLED), THE
SUBCOMMUTATOR RATE IN EITHER OF THESE TWO STATES
15 217356 SEC/REV

TIMES ARE FOR NORMAL BIT RATE (1060 SPS)

NUMBERS ARE RELATIONS TO ALSEP MAIN FRAME RATE .
EXAMPLE:

WHEN THE ALSEP MAIN FRAME COMPLETES ONE REVOLUTION
ALSEP HOUSEKEEPING ANALOG MUX TURNS 1/90 OF A
REVOLUTION




| o | N | M | L ] K | J | [ v H | G iI5 F s E | D | C Il B

b €
SUNSHIELD THERMAL PLATE STRUCTURE MULTILAYER INS i
T 3K m 3K T 3K T A 3K T T T T T J X RF IN
V W VW VWV w W V VW VW W U VAN Q iy XY 1
RECEIVER B
3K 3K 3 3K 3x 3K A A A PDU
v % 2% V AW -100 DBM TO - 60 DBM \_DISCRETE /
RETURN RETURN N
N
: +12VDC : +12voc
2.8K 2.8K AT-3 AT-4 AT-6 AT-8 AT-9 AT-11 AT-1 —
THERM PLT 1 THERM PLT 2 'THERM PLT 4 PRI/STW3 INSUL INT N (125 MA) /7 AB-6"N\
DEG F DEG F DEG F DEG F DEG F X 3 m
950° 101150 F ~300° 0 +300° F ~300° 10 +300° ~50° 70 +210° 50710 +210° F 50° 10 +210° F “50° 10 +210° F -300° 10 +300° F -300° 10 +300° ~50° 10 +210°F -300° 10 +300°
\ _DISCRETE ]
&y &/ o o Y Ny NSy Oy O & e a2 EE
DSS/PROC Y vﬂ 2vpe 125 WA) Vo S~
SEL [ AT-40
20K 10K
=i 12 ' POWER ICVR CASE
i TO X DATA PROCESSOR 4 LINE JEMP AUDIO > T0
= .4(' C AT-35 F-12 (125 MA) ISOLATOR =5) T0 +200° F SELECTOR Dﬁé:ﬂ':)zk
| ®——= TO ¥ DATA PROCESSOR AR \9- @
! ~50° 0 +200° F ~50° 10 +200° F
DSS/PROC X @ @ RCVRD
- F-13 HYBRID POWER
Lo S ™ coeer [ \_DIscReTE )
10K 18K +29vDC . ¢
DSS HTR 2 DSS HTR 1
EXP 1 STBY SEL EXP 1 OPER SEL EXP 2 STBY SEL EXP 20PER SEL  EXP 3 STBY SEL EXP 3 OPER SEL EXP 4 STBY SEL EXP 4 OPER SEL SELECT  (5W) cT aow RECEIVER A
o e O e O IR S SR O MR S SD O R O Sen
out
’ Low
L i s —~ e 0N
2.8k 2.8k AR e AL 700 MA i 1st ¥ AL CMD SUBCARRIER
NOT ERANE chos AP TR 100 DBM 10 - 60 DBM DISCRETE
A . 3DEGF % | ‘ FILTER s
4 950° 10 1150° F s - e & Fo7 *
., F 500 MA TUNED
21K 2.8k ' 500 MA 500 MA 500 MA 500 MA €XP3,4,5 V. ' Py PRE-
EXP 1/2 o 20K . 4 +29v0C
STBY STA id > STBY HTR i ! 00 3A SELECTOR -
¢ DISCRETE | £140 MA b
40K
o o Pt NI I uTRS } €8-03 DETECTOR
: x =t L
K > AW Ao
A WAt | b TONE
;f 2 i — : 130 wA DETECTOR
K | = +75 MA,
PEE 4.2¢ /AR-A N\ ! -40 IF 280
1 CLD FRAME Jr l ! €B-04 wer || sawpass e IF
o . v R [ wetres
3 g . —
i 3 % = ::;:r ho 500 MA 500 MA 500 MA o T o
~ o g g iy o i
©B-06 cB-07 c8-10 XMTR XMTR ©8-02
- B! < < oN 8SEL
- = 3K 3K X 3K S 3K 3K
070 18VOC d C
NCi-35 7
+29v0C OPER 5TBY OPER STBY OPER STBY OPER STBY (BW) (10W) .
% 4,
4.2k 5 K m 4 T T T R T T 4 X18 - LOCAL DISCRIM- LIMITER
CLD FRAME T 4 MULTIPLIER OSCILLATOR INATOR
2DEGF
400° 10 600° F Vﬂswc
ik 2L o =1 =
P: P: p: P!
PWR <
J 4‘ V 4 3K 3K 3K x 2k 3 3K 3K i |
45VDC > REFER
10
DRAWING
o -6vC 42 =
EXPNO1 EXPNO 2 EXPNO3 EXPNO 4 DSS HEATERS - i T
V-(,vpc CMD DECODER = ANALOG MUX DIGITAL PROC
4.2k 4.2x AR-6 -
r, 10K LY L +12v0¢
4 400° 70 600° F VﬂZVDC AT-30 RE-TN\
@ DSS/A BASE m DSS ADC DSS ADC
13K 1.8k DEG F 0.25 VOLTS 4.75 VOLTS
B ~12v0C -50°T0 4200°F  -50° 7O +200° ~50° 70 +200° ~50° 0 +200° “50° 10 +200° -50° 10 +200° F 0.25 VOLTS 4.75VOLTS
3 A,
1MIN 18 HR "
ouT  out pe
PCU
+12VDC S - +29voc
3x B < SAME AS XMTR A
4T3 b et
T -26 - CH-32 XM /S D
3 ATETAN ! 145 AE-16 - CH-b6 XNTR 8 CURRENT o
X AE-18 - CH-22 XMTR B R ER
[ . . = — %
50770 3300°F &2 ~50° 10 +200° F i ~50° 0 +200° F
x 2 S 3K
< > x : 4
— > =
500 = I D STORED +12VDC PREVENTS LOSS OF
v COUNTS IN COUNTERS 1 AND 2 IN THE
A ' A S p. +12vDC EVENT OF INTERRUPTION OF +12VDC BUS
1 1 L F-09 08 (F-
T e s £ AN R o we > e e
+12VDC STORED FOR PARAMETERS
4 RESET 30 SECS AFTER LOSS
p. 070 3.5ADC CIRCUIT OF INPUT VOLTAGE
\CH:13/4) /
30k S TIMER RESET
I RESET
x PASEDN
00 10 420 2710 +32 0BM
_____ \ch-81_/
______ g BT Nt
peu 2 PCU1 w/4
SEL SEL 61
“ XMTR A
r"_ HT/S DEG F ;_“1
- RESET “B°V0 41750 F B e SIGNATURES DATE ] NATIONAL AERONAUTICS & SPACE ADMINISTRATION
32K RYS OERUR VoL H = - = { manneo T CENTER HOUSTON. TEXAS
0SG) Ao Cokew Y127
] j oS Mot f777  CENTRAL STATION AND
070 20VDC = = e i
- j_I = = ENGH \/r, RTG INSTRUMENTATION
i RESETABLE SOLID STATE TIMER = TRANSMITTER A TRANSMITTER B oY T DIAGRAM
Vi B ALSEP 3 pon RS
3,57 TOTAL 3.570 TOTAL STC Liard) Aol Virzze T J 6.3
SHUNT RESISTORS SHUNT RESISTORS - :Lt_“ TR TR
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’ . BASIC

SECTION 7
PASSIVE SEISMIC EXPERIMENT (S031)

7.1 SYSTEM DESCRIPTION
The passive seismic experiment (PSE) provides data on lunar
seismic activity and the properties of the lunar interior.
The PSE does this by monitoring the long-period, low-frequency
4 and the short-period, high-frequency energy associated with
lunar quakes as well as measuring the direction and the

n : distance to the seismic epicenters.

Physically, the PSE consists of two parts, both included in
one package. The long-period instrument, which contains three
seismometers (one vertical and two horizontal, placed orthog-
onally to each other), measures long-period, low-frequency
seismic energy with a period of 250 to 0.3 seconds. This

instrument measures the distance and direction to a seismic

quake, as well as the long-term tidal deformations of the
moon. The short-period instrument functions as a velocity
transducer which measures short-period (5 to 0.04 seconds),
high-frequency (up to 25 cycles per second) seismic energy
with very high sensitivity. The instrument consists of a
moving-magnet mass built so that a transducer can measure the
velocity of the magnet. The.displacements and the velocity
of these instruments are measured, amplified, and filtered in
a series of electronic circuits which produce an output

signal to the central station data processor.

When the PSE is deployed by the crew, it must be leveled to

within %5 degrees. Within the instrument case, the seismic
elements are mounted on gimbals having leveling motors which
can level from an initial tilt as great as 5 degrees. By using

a combination of "coarse-level" sensors and the horizontal
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seismometers, the PSE can be leveled on command to within

3 arc-seconds.

The PSE will normally be leveled using the auto leveling mode
(refer to Table T-I for the preset conditions) with the

forced mode as a backup method. The coarse sensors (utilized
only in the X and Y axes) will be commanded in for the initial
leveling sequence. The coarse sensors are effective in the
auto mode only and provide the X- or Y-axis leveling motor
drive signals when there exists an off level condition greater
than 8 arc-minutes. At this point the axes' tidal outputs
provide the leveling motor drive signals to control leveling

to the final level condition.

T-2
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TABLE 7-I.- PSE PRESET CONDITIONS

["Preset" is defined as the logic condition initialized
by activation of the experiment]

Command Function Presets to Lunar dt::‘pJ:oyment
condition
037 EXP 1 STBY SEL Exp in stby
063 PSE/XY GAIN CH -30 dB
06k PSE/Z GAIN CH -30 dB
. ‘ 065 PSE/SP CAL CH orf
‘ 066 PSE/LP CAL CH off
067 PSE/SP GAIN CH -30 4B
“ - 070 LVL MTRX ON/OFF off )
071 LVL MTRY ON/OFF off
072 LVL MTRZ ON/OFF off
073 UNCAGE ARM/FIRE Caged
oT4 LVL DIR POS/NEG Pos
075 LVL SPEED HI/LO Low
076 PSE T CTL CH Auto on
101 PSE FILT IN/QUT Oﬁt
102 LVL SNSR IN/OUT Out
103 PSE LVL MDE A/F Auto
TABLE 7-II.- PSE LEVELING RATES
Condition Xor Y . Z
Power mode
High speed 152 to 305 prad/sec 20 to 40 mgal/sec
Low speed 5.1 to 17.7 urad/sec | 0.67 to 2.34 mgal/sec
Automatic mode
Coarse sensor in 152 to 305 urad/sec No coarsé sensor on Z-axis.
(off level >8 arc-min) Use forced mode.
Coarse sensor out 3.8 to 7.6 urad/sec 0.5 to 1.0 mgal/sec
(tidal output saturated) ‘
Coarse sensor out 0 to 3.8 prad/sec 0 to 1.0 mgal/sec
(tidal data unsaturated) ) ’
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SECTION 8
LUNAR SURFACE MAGNETOMETER EXPERIMENT (S03L)

SYSTEM DESCRIPTION '

The lunar surface magnetometer (LSM) experiment provides data
pertaining to the magnitude and temporal variations of the lunar
surface equatorial magnetic field vector. The LSM does this

by monitoring both the dc level and time variations of the

magnetic field.

Physically, the LSM consists of three magnetic sensors, each
nounted in a sensor head located at the end of tﬁree mutually
perpendicular axes. The sensor electrconics assembly converts
the incident magnetic field intensity along the axes of the
respective flux gate sensors into analog vol?ages. The axes
extend equal distances above a central structure, the
electronics/gimbal~flip unit (EGFU), which houses both the
experiment electronics and the gimbal-flip unit. The exﬁeri—
ment electronics and the gimbal-flip unit. The experiment
electronics are further subdivided into three funtional
categories: scientific data processing, engineering and status
data processing, and output data buffer (see Drawing 8.3).
The gimbal~flip unit houses the flipper drive motors which
provide the motive power for 90 and 180-degree rotation
(flipping) of the sensors and the release mechanism for the
spring~-driven 90-degree rotation (gimbaling) of the sensor
axes. Instrument support and stability is achieved via‘three

lunar support legs attached to the EGFU.

When the LSM is deployed by the crew, it must be leveled to
within #*3 degrees. No command capability exists in the LSM

for leveling.

The temperature of the magnetic sensors is monitored and
provided as data output. The LSM heaters actuation
temperature is 35° C (95° F).
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FLIP-CALIBRATION SEQUENCE (See Drawing 8.1)

The purpose of the flip-cal sequence is to prevent permanent
magnetization of the sensors due to lunar magnetic fields.
The flip-cal sequence further inserts calibration rasters of
known levels to provide baseline data with which to compare

lunar magnetic fields.

The flip-cal sequence can be initiated by Ground Command 131
(FLIP/CAL GO), or by an automatically generated command via
the ALSEP timer at the ninth 18-hour pulse plus 1 minute

and every 18 hours thereafter.

The flip-cal sequence can be inhibited by means of Ground
Command 127 (FLIP/CAL INHIB), which prevents the initiation
of the flip-cal sequence from either ground command or ALSEP

timer-generated command.

The sequence, once initiated, is completely controlled by the
ILSM flip-cal programer and cannot be terminated by ground
command. The sequence is completed in approximately

350 seconds.

The programer causes all necessary events to occur in the

following order:
A. TUpon receipt of the flip-cal command, two calibration

rasters are applied to all sensors (X, Y, and Z) simul-
taneously for 160 seconds (refer to Drawing 8.1).

B. The programer then flips all sensors sequentially 180
degrees and appiies reverse field offset bias to each

sensor.

C. Upon completion of the flip action of the three sensors
(30 seconds total, 10 seconds per sensor), the programer
applies two more calibration rasters to all three sensors

simultaneously for 160 seconds.

8-2




| o | N | M | L | K | J | ! v “ | G | F | E | D | c | . "

LTR[pcN[ oR | ENGR | DATE | ApPROVAL
COMMENTS :
8
T
GAMMA | SENSOR il
RANG! POSITION
0 425 +50 475 -75 -50 -25
s omoor] O 2.5 375 | 875 | 125 | +25 4375
bt [ 375 25 | 225 | 875 | 75 62’5 z
7 80> 450 375 W25 | w125 | 875 | 475 162.5
-50 -62.5 -75 87,5 | -1235 -25 -37.5
. .| +00 W25 | 450 | 475 25 +50 +75
S Wy K -75 -50 -25 2175 | -1s50 -125
1800 | 100 475 +50 425 4175 | 4150 | w125
-100 -125 -150 | -175 -25 -50 -75
0° OR 90° +200 +250 +300 +350 +50 +100 +150 bo—
o -200 -150 | -100 -50 -350 -300 -250
eor | ‘200 | ns0 [ 100 +50 +350 3300 | +250
-200 -250 300 | -350 -50 -100 -150
SENSOR POSITION Lol FRaE Uk Rinas AT A FiMcTIon oF GEPREY SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION
DM-9 DM=-10 DM-11 progas el DM-9  DM-10 DM-11 DM-9 OM-10 DM-11 DM-9  DM-10 OM-11 OM-9  DM-10 DM-11 DM-9  DM-10 DM-11 SN BaCiD oMl
X Y z X Y Z X Z X Y z X Y Z X Y z X Y 7 DM;V DM-10 DM-11
T ] 7 7 00 v v 105 v o1 0% 01 (0% 01 (0%) v v v ) e 5 ; <
10 (90°) 10 (90°) 10 (90°) 10 (90°) 10 (90%) 10190%) 10 (90°) T v 6
11 (180°) v 71080 | ¥ v 11a8s0") | v ] v 11 180%) v v v 11 (180%) 11 (180°) % v v TR
00 (FAIL) 00 (FAIL) 00 (FAIL) 00 (FAIL) 3 00 (FAIL) Q0 (FAIL) 00 (FAIL) AL
SCIENTIFIC ORIENTATION SCIENTIFIC ORE NTATION SCIEl
NTIFIC ORIENTATION
AFTER FLIP CAL SEQ NO 1 (180 DEGREE'S) AFTER FLIP CA SEQ NO 2 (0 DEGREESS) AFTER FLIP CAL SEQ NO 3 (180 DEGREES) AFTER FLIP CAL SEQ O 4 (0 DEGREES)
INITIAL SCIENTIFIC ORIENTATION (0 DEGREES) CAL RASTER 1 AND 2 CAL RASTER 3 AND 4
T 2 : 5 % 2 zy 2, i =
0 0 0 0 it 0 0 0 0 E
z z z z z = z #
X X X X X L) x %
o o o : ey o MRS o gy o o o i >
L5 £ v 5
X Y 5 Al xR Y xR Y, xR YR XN Y~ X Y, )
- » b > : > : > B> S : * .
FIELD OFFSET
RANGE SELECT: +100GAMMA ANY OF THE ABOVE OFFSET
200 GAMMA TEPS CAN BE SELECTED FOR
£400 GAMMA ANY OF THE 3 AXIS. e S SiEP
ANY OF THE ABOVE RANGES STEPS LISTED IN PERCENT LIP X AXIS FLIP Y AXIS FLIP Z AXIS |
CAN BE SELECTED. THE OF RANGE SELECTED STEPS LISTED IN PERCENT REVERSE FIELD REVERSE FIELD REVERSE FIELD "
RANGE SELECTED APPLIES OF RANGE SELECTED OFFSET. OFFSET. OFFSET.
TOALL 3 AXIS NEW OFFSET X NEW OFFSET Y NEW OFFSET Zp
|
| READY FOR X-AXIS
[ (" SITE SURVEY
|
NORMAL FIELD
OFFSET
SAME SEQ AS NO 1 SAME SEQ AS NO 1 SAME SEQ AS NO 1 i
APPROX 160 SEC APPROX 10 SEC ~ ———#f@———  APPROX 10 SEC APPROX 10 SEC APPROX 160 SEC
SCIENTIFIC MODE  ———— FLIP CAL SEQ NO 1 SCIENTIFICMODE  ————#o———  FLIPCAL SEQNO2 ———#sf@———  SCIENTIFICMO) ——-l@———— FLIPCALSEQNO3 ——®t@——  SCEENTIFIC MODE  ———#» -
COUMAND SEQUENCIG COMMAND SEQlING (NLIMITED TIME AND ANY feoame A UNLIMITED TIME AND ANY
APPROX TOTAL TIME 350 SEC NECESSARY) [— APPROX 350 SEC TOTAL TIME  — NECESSARY) | P ek SEC TOTAL  ——#» E‘E’;‘E"s‘s"},é,‘““"“““‘ l@——  APPROX 350 SEC TOTAL  ——a» COMMAND SEQUENCING
TIME NECESSARY)
LSM RANGE STEPS LSM 0/5 ADD CH LSM FLD 0/5 CH FLIP/CAL GO FLIPACAL G0 FERGEN 20 FLIP/CAL GO
NOTE
= X AXIS FIELD OFFSET NORMAL
X AXIS FIELD OFFSET REVERSED
Y AXIS FIELD OFFSET NORMAL
Y AXIS FIELD OFFSET REVERSED
\ = Z AXIS FIELD OFFSET NORMAL
ZR = Z AXIS FIELD OFFSET REVERSED
2
SIGNATURES DATE | NATIONAL AERONAUTICS & SPACE ADMINISTRATION
DR MANNED SPACECRAFT CENTER . HOUSTON, TEXAS
OSGN uidew crtec. Y-12-%)
o s 1
peis 2B LSM FLIP CALIBRATION
- SEQUENCE !
APP_~
| o 4 ALSEP 3 SIZE [OWGNO
STC e J 8.l
APOLLO 16 :
BEX34__|PAGE 8-3 [SHEET 1 0F 1




ALSEP 3
BASIC

D. Following the last calibration raster, the programer
stops the flip-cal sequence generator, at which time

the LSM is in the normal scientific mode.

The result of the flip—cal sequence is that the sensors are
now oriented diametrically opposite in direction, with field
offset bias of opposite polarity to that prior to the

initiation of the flip-cal sequence.
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8.3 SITE-SURVEY SEQUENCE (Refer to Drawing 8.2)
The site-survey sequence is performed upon completion of the
first four flip~cal sequences and will be performed only once
during the life of the instrument. The purpose of the site-

survey sequence is to measure local accretions of nickel-iron

or stony-iron meteoric debris.

8.3.1 X-Axis Site Survey Sequence
Initiation of Ground Command 133 (SITE SURVEY XYZ) simul-

taneously applies power to the site-survey programer and to
the flip-cal programer. Once the sequence is initiated, it
cannot be terminated by ground command. The site-survey is

completed in approximately 630 seconds.

Upon receipt of the site-survey command, the programer is
sequenced to an idle state. The programer then sequences the
sensors through a normal flip-cal sequence. Upon completion
of the flip—cal sequence, the programer flips all sensors
sequentially so that they are surveying the X-axis and applies
the X field offset bias to each sensor. On completion of

the flip action, the programer places the instrument into X
site survey state. Upon completion of site survey, the
programer sequentially flips all sensors back to the previous
position and reverses and reinstates the previous field

offset bias to each sensor.

8.3.2 Y-Axis Site Survey Sequence

Upon initiation by Ground Command 133, power is simultaneously
applied to both the site survey and flip-cal programers. Site
survey cannot be terminated by ground command and completes

its sequence in approximately 710 seconds.




Vo

LTRfpen] or | encr DATE APPROVAL

COMMENTS:
X-AXIS SITE SURVEY

SENSOR POSITION 'SENSOR POSITION SENSOR POSITION SENSOR POSITION 'SENSOR POSITION SENSOR POSITION SENSOR POSITION
OM-9  OM-10 DM-11 OM-9  DM-10 DM-11 OM-9  DM-10  DM-11 OM-9  DM-10 OM-11 OM-9  DM-10 DM-11 M9 DM-10 DM-11 oM-9 D 1

X Y z X Y z X Y 2z X ¥ 2 X M z X Y z X Y z
0U0") 01 (0% v 0109 1% 01(0% v 01 (0% 0109 01 (0%
10(90% 10 (909 10(90% K% 10 (90 v "] 10 (909 v v 10(90% v 10(90%)
110180 v v v 11 1807 v | v 11 (1807 v 11(180% 11 (180%) v 11 (180%) v v 11 (1807 v v v
00 (FAIL) 00 (FAIL) 00 (FAIL) 00 (FAILY 00 (FAIL) 00 FAIL) 00 (FAIL)

2, z, %y Xy X z, .
2 z z z z z z
X % X, A X \ X Y X Y X Y X Y

I I g 0 a s Sl

. Y, X, X, X X, X, Y, X, Y
L} Ll N L} D L] R R R R READY FOR
D D » D D P F Y-AXS
SITE SURVEY
IDLE APPLY X-AXIS APPLY X-AXIS
X REVERSE FIELD OFFSET IDLE FIELD OFFSET T0 1LE FIELD OFFSET T0 X-SITE SURVEY IDLE REVERSE FIELD OFFSET 10LE REINSTATE Y-AXIS 10LE REINSTATE Z-AXIS
X-AXIS STATE Y-AXIS. STATE 2-AXIS SITE STATE X-AXIS. STATE FIELD OFFSET STATE FIELD OFFSET
FLIP CAL SEQ ——8» ORIENTATION AFTER FLIP X-AXIS 180* FLIP Y-AXIS 90* FLIP Z-AXIS 90* FLIP X-AXIS 180* FLIP Y-AXIS 90* FLIP Z-AXIS 90*
re- 10 FLIP CAL SEQ 10 10 10 10 10 150 20 10 10 10 10 10
SEC APPROX TIME 350 SEC —— (180 DEGREES) SEC SEC SEC D SEC SEC b SEC SEC SEC SEC SEC @ SEC SEC b
X-AXIS SITE SURVEY SEQ TOTAL TIME APPROX 630 SEC
o
SURVEY X ¥ 2
Y-AXIS SITE SURVEY
SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION 1 SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION
OM-9  DM-10 DM-11 .OM-9  DM-10 DM-11 OM-9  DM-10 DM-11 OM-9  OM-10 DM-11 OM-9  DM-10 DM-11 OM-9  OM-10 DM-11 OM-9  DM-10 OM-11 OM-9  OM-10 DM-11 OM-9  OM-10 DM-11 OM-9  DM-10 DM-11
X v z X ¥ z x 12 z X ¥ 2 x 12 % X Y z X 2 z N ¥ 2 X ¥ 2 x Y z
01 (0% v v v 01 (0% N [ v 010 v 01 (0% 01 (0% 01 (0% v 01 (0% v 01 0% v 01 (0% 01 0%
10 (909 10 (907 10 (909 10 (907 10(907 v 10 (909 [l 10 (90%) v v 10 (90" v 10 (90°) v 10 (90%)
11 (1809 110809 [ 11(180% v v 11 (180%) v v v 11 (180 v v 11 (1807 v 11 (180°) 11 (1 v 11 (180" v v 11 (180°) v v v
00 (FAIL) 00 FAIL 00 (FAIL) o 00 FAILY 00 FAIL) 00 (FAIL) 00 (FAILY 00 (FAILY 00 FAILY
L I L % B % A A A %
B SENSOR PERCENT OFFSET
O 0 0 O O O Q Q Q O FOSH 0 +25 | +50 | +15 | -75 | -s0 | -25
corgor | 0 | 625 | 475 | 4875 | w25 | s25 | 4375
z z z z z z z z z z O"OR90 | 5o | 375 | 25 | 125 | 8735 | 75 | <625
50
Y x A x X Y X Y X Y Y . +50 4375 | +25 +12.5 | +87.5 | +715 +62.5
X Y X Y X Y X, \ x 180 50 | -625| -75 | -875 | <1255 | <25 | -37.5
&R o > " & - - AL Q o roro | 20 |z |0 | | |28 |
* > & > “ *& > Y& > Y w B & > > ® READY FOR otor90 | Tog | Z7s” | so |25 | -i7s | -1s0 | Cizs
3
SITE SURVEY Ll
APPLY Y-AXIS APPLY Y-AXIS 0+ +100 | +75 +50 +25 4175 | 150 | 4125
10LE DURING THIS SEQ REVERSE FIELD OFFSET 10LE REVERSE FIELD OFFSET DLE REVERSE FIELD OFFSET 10LE FIELD OFFSET T0 DLE REVERSE FIELD OFF SET 0LE FIELD OFFSET TO Y-AXIS SITE IDLE REINSTATE X-AXIS DLE REVERSE FIELD OFFSET 10LE REINSTATE Z-AXIS. 18 c100 | 25 [ -1s0 | 175 | 25 | s0 | <75
STATE ¥ AND Z-AXIS GIMBALED 90° X-AXIS STATE Y-AXIS STATE Z-AXIS STATE X-AXIS STATE Y-AXIS STATE 2-ax15 SURVEY STATE FIELD OFFSET STATE Y-AXIS STATE FIELD OFFSET
FLIPCALSEQ —— ORIENTATION AFTER FLIP X-AXIS 180* FLIP Y-AXIS 180° FLIP 2-AXIS 180° FLIP X-AXIS 90* FLIP Y-AXIS 180 FUP 2-AXS 90 FLIP X-AXIS 90* FLIP Y-AXIS 180* FLIP Z-AXIS 90* 3T (o Bl B B B R B o B
- 10 [e——— " FLIP CAL SEQ 10 10 10 10 16 30 10 10 10 150 20 10 10 10 10 10
SEC AP TiME 350 SEC. ——] (0 DEGREES) SEC SEC SEC SEC SEc SEC SEC b SEC SEC SEC SEC b SEC SEC b Sec SEC SEC SEC p 200
180° +200 +150 +100 50 +350 +300 +250
-200 -250 -300 -350 50 -100 -150
Y-AXIS SITE SURVEY TOTAL TIME APPROX 710 SEC
LSM EFFECTIVE RANGES AS A FUNCTION
@ £, OF OFFSET AND SENSOR POSITION
SITE SURVEY XYZ
Z-AXIS SITE SURVEY
R e e e e ene e e — e T S LR,
SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION SENSOR POSITION
OM-9  DM-10 DM-11 OM-9  DM-10 DM-11 OM-9  DM-10 DM-11 oM-9  DM-10 DM-11 OM-9  DM-10 DM-11 OM-9  DM-10 DM-11 OM-9  DM-10 OM-11 OM-9  DM-10 DM-11 OM-9  DM-10 DM-11 OM-9 OM-10 DML OM-9  OM-10 DM-11 OM-9  DM-10 DM-11 OM-9  DM-10 DM-11
X ¥ z x Y z x Y z X Y z X Y z X Y z x ¥ z X ¥ z X Y z X 2 2 x 12 z X ¥ z x ¥ z
01 (0%) v v v 01 (0% v v 01 (09 v 01107 01 (09 01(0% 01(0% 01 (0% v 01109 v 01 (09 01 (09 v 01109 v v 01 (0% v vy | v
10907 10509 10907 10 (907 10 (907 '] 10909 v v 10907 v v 10909 v 106909 10909 10909 1090 10909 |
11 (180%) 11(180% v 11 (180%) v v 11 (180% v ' v 11 (180 v '] 111807 v 11 (1807 11 (180" Il 11(180% 'l v 11 (180" v v v 11 (180% v v 11 (180%) v 11 (180% i
00 (FAIL) 00 FAIL), 00 (FAIL) 00 FAIL 00 FAILY [cowa 00 FAIL) 00 FAILY 00 (FAIL) 00 FAILY 00 (FAIL) 00 FAIL) 00 FAILY i
Iy Iy y Z % n L 3 % Z L
0 0 0 0 0 0 0 - iy 0 0 0 1
+50% +50%
+2! |+
z z z z z z z z z i % z z z ALTHOUGH THE DRAWING SHOWS A 45°
0 0 0 0 FLIP, THE ACTUAL HARDWARE FLIPS 90*
-25% ~25% TO ACQUIRE THIS POSITION
X Y x A X Y X \ X \ x Y X Y X Y X \J 50% s0% x Y X \ X Y
NOTES: Xy = X-AXIS FIELD OFFSET NORMAL
- b L]
o Q. 0 g o o, 0" 0 0 D b s o o 0 e 2 m 0 O > R 0" Q " B e
p D N L] & w ” D ® ~ D b D L L] D ] D L R b r D ® * D N k] D " L Ewoz-aas Yy =Y-AXIS FIELD OFFSET NORMAL
SITE SURVEY V. = Y-AXIS FIELD OFFSET REVERSED
FLIP CAL SEQ APPLY Z-AXIS APPLY Z-AXIS = Z-AXIS FIELD OFFSET NORMAL
OURING THIS SEQ REVERSE FIELD 0LE REVERSE FIELD I0LE REVERSE FIELD OFFSET 10LE FIELD OFFSET T0 0LE FIELD OFFSET T0 OLE REVERSE FIELD Z AXiS 0LE REINSTATE X AXIS IDLE REINSTATE ¥ AXIS IDLE REVERSE FIELD IOLE REVERSE FIELD REVERSE FIELD REVERSE FIELD ’u
STATE XAXIS IS GIMBALED 90* OFFSET X AXIS STATE OFFSET Y AXIS STATE Z-AXIS STATE X-AXIS STATE Y-AXIS STATE OFFSET Z AXIS SITE SURVEY STATE FIELD OFFSET STATE FIELD OFFSET STATE OFFSET Z AXIS STATE OFFSET X AXIS OFFSET Y AXIS OFFSET Z AXIS 2y = Z-AIS FIELD OFFSET REVERSED
-
ORIENTATION AFTER FLIP X-AXIS 180* FLIP Y AXIS 180° FLIP Z-AXIS 180° FLIP X-AXIS 90* FLIP Y-AXIS 90* FLIP Z-AXIS 180 FLIP X-AXIS 90* FLIP Y-AXIS 90* FLIP Z-AXIS 180* [ CALPHASE 1 AND 2 ——ot@——— FLIP X-AXIS 180% —tlt———— FLIP Y-AXIS 180* ————#ta——— FLIP Z-AXIS 180* ————ota—————— CAL PHASE 3 AND 4 ——————1
- 10 o APP 350 SEC FLIP CAL SEQ 10 10 10—t 10— 10 30 - 10 ta— 10 —tt——— 10 ———-)n— 10 10 150 20 10 10 10 10 10 160 SEC 10 SEC 10 SEC 10 SEC 160 SEC
SEC SEc SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC i
IME 350 SEC
2-AXIS SITE SURVEY SEQ APPROX TIME 1070 SEC SIGNATURES oaTe [ NATIONAL & SPACE
R 1 Manneo CENTER -  HOUSTON, TEXAS
o DSON et (oo | 77278
[oc Lo 4 |- 1] LSM
ELnad op X,Y.Z SITE
SITE SURVEY X ¥ Z

SURVEY SEQUENCES
ALSEP3 | Si2E [owewo
oot | J 3 8.2

[T AP

2
STC [raw B Sale

93 50X 3025 | PAGE 8-6 SHEET _10F 1
+ pre—r—

‘u



8.3.3.

ALSEP 3
BASIC

On receipt of the command, the programer is sequenced to an

idle state. The programer then sequences the sensors through

a normal flip-cal sequence, with one exception: during the

flip-cal sequence the Y- and Z-axis sensor assemblies are
gimbaled (90-degree longitudinal rotation). Upon completion
of the flip-cal sequence, the programer flips all sensors
sequentially 180 degrees and applies reverse field offset
bias to each sensor. After completion of the 180-degree

flip action, the programer flips all sensors sequentially

so that they are surveying the Y-axis and applies the Y field
offset bias to each sensor. On completion of the flip action,
the programer places the instrument into Y site survey state.
Upon completion of site survey, the programer sequentially
flips all sensors back to the previous position and reverses

and reinstates the previous field offset bias to each sensor.

Z~-Axis Site Survey Sequence

Initiation by Ground Command 133 is identical to the previous
site survey initiations. The Z-axis site survey completes
its sequence in 1070 seconds. Upon receipt of the site—sufvey
command, the programer is sequenced to an idle state. The
programer then sequences the sensors through a normal flip-
cal sequence, with one except&on: during the flip-cal
sequence the X-axis sensor assembly is gimbaled (90-degree
longitudinal rotation). Upon completion of the flip-cal
sequence, the programer flips all sensors Lequentially 180
degrees and applies reverse field offset bias to each sensor.
On completion of the 180-degree flip action, the programer
again flips all sensors sequentially so that they are
surveying the Z-axis and applies the Z field offset bias to
each sensor. On completion of the flip action, the programer

places the instrument into Z site survey state. Upon
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completion of site survey, the programer sequentially flips
all sensors back to the previous position and reverses and
reinstates the previous field offset bias to each axis. On
completion of sensor reinstatement fwo calibration rasters

are applied to all sensors simultaneously. The programer then
flips all sensors sequentially 180 degrees and applies reverse
field offset bias to each sensor. The programer then flips
all sensors (X, Y, and Z) simultaneously 180 degrees and
applies simultaneously reverse field offset bias to each
sensor. Upon completion of the flip action of the three
gsensors, the programer applies two more calibration rasters

to all three sensors simultaneously. Following the last
calibration raster, the programer stops the site-survey

sequence, at which time the LSM is in the normal scientific

mode.
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TABLE 8-I.~ LSM PRESET CONDITIONS

["Preset" is defined as the initialized logic condition
due to activation of the LSM experiment]

Lunar
Command Function Presets to deployment
. condition
oL3 EXP 2 STBY SEL . Exp in stby
v ‘ 123 LSM RANGE STEPS +200 gamma
| 124 LSM FLD 0/S CH 0 percent
125 LSM 0/S ADD CH Neutral
127 FLIP/CAL INHIB Inhibit
131 FLIP/CAL GO No-go
132 LSM FILT IN/OUT In
133 SITE SURVEY XYZ No-go
134 - LSM T CTL XYO X
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SECTION 9

ACTIVE SEISMIC EXPERIMENT (S033)
SYSTEM DESCRIPTION

Experiment Objectives

The primary function of the active seismic experiment (ASE)
is to generate and monitor artificial seismic waves in the
3~ to 250-Hz range in the lunar surface and near subsurface.
The ASE can also be used to monitor natural seismic waves in
the same frequency range. The objective of these functions
is to acquire information to enable determination of the
physical properties of lunar surface and near subsurface

materials.

Method of Operation

Seismic waves are artificially produced by explosive devices
and detected by geophones. By varying the location and
magnitude of the explosions with respect to the geophones,
penetration of the seismic waves to depths of approximately
500 feet can be achieved, and wave velocities through several

layers of subsurface materials can be investigated.

Major Components

Two seismic energy sources are employed. A thumper device
containing 21 explosive initiators will be fired along the
geophone lines by the astronaut. Two ASI's (numbers 20 and

21) will be test fired at KSC prior to stowage for flight.

The astronaut will also emplace a mortar packaege containing
four high-explosive grenades. The grenades will be rocket-
launched by RTC's sometime after IM ascent and are designed to
impact at four different ranges (approximately 500, 1000, 3000,
and 5000 feet) with individual high-explosive charges pro-
portional to their range.
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The seismic detectors are ﬁhree identical geophones. The
geophones are electromagnetic transducers which translate

high~frequency, seismic energy into electrical signals.

Commands and Telemetry"

The ASE uses seven commands to arm and fire the grenades and
to effect geophone calibration. Other commands are used to
effect power distribution to the ASE from the data subsystem
and to place the data subsystem in the active seismic mode.

The three channels of seismic data genersted by the ASE and

16 channels of engineering data will be converted to digital
form within the experiment. A 20-bit digital word format and'
a 10,600 bit/sec data rate will be used in the ASE to insure
accurate encoding and transmission of critical, real-time-event
data and to provide a data handling capability for high-frequency,
seismic data. The higher bit rate and longer word length are
incompatible with the normal ALSEP format and preclude usual
data collection from the other experiments during the time

the ASE is activated.

FUNCTIONAL DESCRIPTION
The ASE comprises the thumper and geophone assembly, mortar
package, central electronics assembly, and interconnecting

cabling. TFigure 9-1 illustrates the ASE components.

Thumper Assembly
The thumper comprises a short handle or staff with an initiator
mounting plate and a base placed at the lower end. The upper

end contains a pair of switches (arming/firing, and AST
selection) and associated electronies. A flat, four-conductor
cable.connects the thumper to the central station. The thumper

contains 21 Apollo standard initiators (ASI's). These initiators
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are threaded into a mounting plate which forms a portion of
the thumper base (Figure 9-1). The ASI's are individually
fired directly into an impact plate which is spring-loaded
against the mounting plate. The gas pressure resulting from
an initiator explosion drives the impact plate sharply down-
ward, imparting a small blow to the adjacent surface. The
gases are immediately vented around the edges of the impsact
plate and deflected downward by a ring which is part of the

mounting plate.

Operation of the thumper requires three distinct mechanical
actiéps through the manipulation of two éontrols. The AST
seleétér, a 22-position switch located at the top of the
thumper, must be .rotated from the no-connection position to

a particular position for the selection of one of the 21
initiators. Next, the spring-loaded arm/fire knob, located
at the end of the staff arm near the top‘of'the thumper, must
be rotated clockwise approximately L0 degreeS‘tonitslstQp and
held in this position for a minimum of 4 seconds. Then,
without releasing the arm/fire knob,,it must be pushed aboﬁt
oneéhélf inch to fire the selected ASI. A pressure switch is
actuated at the time of the AST firing and applies a real-
time-event (RTE) mark to the downlink.

Geophones

The three identical geophones are electromagnetic devices
which translate physical surface or subsurface movement into
electrical signals. The amplitude of the output éignals‘is
proportiocnal to the rate of physical motion. The geophones
will be deployed at 10, 160, and 310 foot intervals from the
central statipn and are connected to it by cables. The cables
and geophones are stored on the thumper during transport and
removed during deployment. Geophone No. 1 temperature is

downlinked only when the ASE is’in STANDBY SELECT.
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Mortar Package

The mortaf package assembly consists of a mortar box assembly,

a grenade launch assembly (GLA), and interconnecting cables.

Mortar box.- The mortar box is a rectangular Fiberglas box

in which the GLA is mounted. The mortar box contains the
electronics, a receiving antenna, two safety switches, and

a8 thermal bag. fhe electronics contain circuitry for the arming
and firing of the rocket motors launching four grenades and
also for the operation of the heaters. The receiver antenns is
a vertical antenna mounted to the side of the mortar box. The
entenna is folded along the edge of the package during '
transport and unfolded by the astronaut during deployment.

The arm/fire safety switches disable both arm and firing
circuits., The proportional heaters attaéhed to the inside of
the thermal bag are activated only in the standby mode of

operation. The mortar box tempersture is downlinked via the

.ALSEP 90-channel multiplexer only when the ASE is in STANDBY

SELECT.

Grenade launch assembly.- The GLA consists of a Fibérglas

launch tube assembly which includes the four rocket-launched
grenades, a grenade safety release assembly, three micro-

switches, three temperature sensors, and a two-axis inclinometer.

Each grenade is attached to a range line which is a thin,

v stranded cable that is wound around the outside of the launch

tube. Two fine copper wires are looped around each range line.

The first léop is spaced so that it will break when the grenade
is about 10 inches out of the launch tube. The second loop is
spaced so that it will break when the rangé line has deployed
exactly an additional 25 feet from the first breakwire.
Breaking the loops starts and stops a range gate pulse
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establishing a time interval for determination of the

grenade velocity.

The four grenades are similar, differing only in the amount of
propellant and high explosive. (Refer to Table 9-I.) The

casing contains the rocket motor, safe slide plate, high-

explosive charge, ignition and detonation devices, thermal battery,
and a 30-MHz transmitter. The range line is attached to the

transmitter output and serves as a half-wave, end-feed antenna.

The grenade safety release assembly prevents inadvertent

launching of any grenades.

The launch tubes for grenades two, three, and four each contain
a microswitch closed by launching the grenade. Each switch
connects the firing command from a sequential grenade firing

circuit to the next grenade to be launched.

Two temperature sensors are located between tubes one and two,
and a third is located between tubes three and four. One of
the sensors provides an analog signal of the GLA temperature
to the data handling function of the ASE (when in ASE OPERATE
SELECT), or to the ALSEP 90-channel multiplexer when in ASE
STANDBY SELECT. The other two sensors are part of the heater

control circuitry.

ASE Central (Station) FElectronics

The central electronics assembly is located in the central
station énd contains circuits for power control, temperature
sensing, calibration, signal conditioning, and data handling.
Included as subassemblies are the geophone amplifier, the ASE

receiver, and the A/D converter and multiplexer. (Refer to

Drawing 9.1.)
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@ TABLE 9-I.- ASE GRENADE CHARACTERISTICS
Propellant | Explosive Initial Time AT
Grenade | Range, | weight, weight, |velocity,|to impact, | 0-25 ft,

number# ft 1b 1b ft/seck* secH* msec*¥

1 5000 0.10 1.0 163.2 L3.L 153.0

2 3000 0.07 0.6 126.2 33.5 198.0

3 1000 0.03 0.3 T3.0 19.4 342.0

4 500 | 0.01 0.1 51.6 13.7 485.0

*Sequential firing order: 2 - 4 - 3 ~ 1,

¥¥Computed values based on 5,32 ft/sec? gravitational constant and
mortar package level with a grenade launch angle of 45° from horizontal.
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9.2.4.1 Power control.- Operating power is supplied from the ALSEP
electrical power subsystem at +5 V, +15 V, -12 V, and +29 V

(refer to Drawings 4.2 and 9.1). RTC's provide the means to
control the ASE to OPERATE SELECT, STANDBY SELECT, or STANDBY
OFF. Overloading the +29 Vdc operate bus will cause CB-07

(500 mA * 10%) to transfer the ASE to STANDBY SELECT. The

+5, +15, and ~12 volt buses are protected by circuit breskers
CB-11 (500 mA), CB~12 (150 mA), and CB-13 (150 mA), and
actuation will not transfer the ASE to STANDBY SELECT. Resetting
of CB-11l, CB-12, and/or CB-13 can only be accomplished by

placing the ASE to STANDBY SELECT.

9.2.4.2 Temperature sensing.- There is one tempersature sensor located

in the ASE central electronics to provide temperature data
in both the ASE OPERATE SELECT and ASE STANDBY SELECT modes.
Circuitry also exists to provide temperature data in the

mortar box, granade launcher assembly, and one geophone.

9.2.4.3 Calibration.— The calibration system is activated by a geophone
calibrate command applied to the command gating from the '
centrél data subsystem. The calibrate command is gated to
the calibfation circuitry where it is developed into a
l-second-wide pulse and applied to the calibrate driver,
electrically exciting the geophonqs. A geophone calibrate
pulse is also applied to the data handling system from the

calibrate driver indicating receipt of the calibrate command.

9.2.4.4 Data handling.- Three analog channels are used for geophone

outputs, two for GLA angle outputs, three for calibration,
three for ASE temperature and power measurements, and the
other four for ALSEP electrical power subsystem temperature
and power measurements. The analog signals are multiplexed,
converted to digital signals, and formatted for shifting to

the central data subsystem and downlink transmission.
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The ASE data format comprises thirty-two Qb-bit words per
frame with each word consisting of four 5-bit subwords.
Geophones two and three are sampled and read out in every

word of the frame. - Geophone one is‘sampled and read out in

ell but the first word. In the first word geophone one is
sampled and stored, then read out in the first subword of
the second word of each frame. The first two subwords of
word number one comprise a 10-bit frame synchronizing signal.
The first three bits of subword one of word 31 provide a mode

identification signal.

The binary signals from the multiplexer converter are applied
to the shift regisfer multiplexer gates which are controlled.
by the shift register multiplexing logic. A stéragerbuffer
is provided between the converter multiplexer and the shift
register multiplexer gates. The ASE data is shifted out in
the 32-word telemetry frame format to the biphase modulator

of the data subsystem for modulation and downlink transmission.

9.3 GRENADE OPERATION _
After arming, a fire grenade real-time command (RTC) for one
of the grenades is gated to the appropriate firing circuit
causing the firing capacitor to discharge and ignite the
grenade propellant via an Apollo standard initiator (ASI). As
the grenade leaves the launch tube, a safe plate is spring
ejected which permits a microswitch in the grenade to close,
discharging a capacitor across a thermoelectric match which
activates the thermal battery. The thermal battery, when

activated, provides internal grenade power to drive the

transmitter and to charge the detonator storage capacitor.
The first of the two range-line breakwires is broken when
the grenade is launched, initiating the range gate pulse to

the real-time-event logic. Rocket propellant in the grenade
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is exhausted before the grenade exits the tube. When the
grenade is 25 feet into trajectory, the second range-line
breakwire is broken terminating the range gate pulse to the
real-time-event logic and providing time/distance data for
subsequent determination of grenadelvelocity. The grenade
transmitter, activated at launch and utilizing the grenade
range line as an antenna, transmits until destroyed upon
grenade impact. An omnidirectional impact switch .in the
grenade allows the detonator capacitor to discharge, firing

a detonator to set off the grenade high explosive on grenade
impact. The 30-MHz signal from the transmitter is received
by the antenna mountédlon the mortar box and conducted by
coaxial cable to the receiver ih the central station electronics.
The received signal is applied through a level détector to

the real-time-event logic for application to the data handling
function. The grenade transmitter signal provides an indi-
cation of time of flight and instant of detonétion providing
an indication of range thus enhancing the confidence factor of
the range calculations derived from the angle of launch and
grenade velocity data generated from the inclinometer and the

range-line breakwires.

NOTE

Due to the relationship between the
receiving antenna and transmitting
antenna (range line) radiation patterns,
it may be possible to receive a loss of
signal at or near the maximum height of
the grenade trajectory. This loss of
signal would generate g false impact RTE.
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9.4 SAFETY FEATURES

9.4.1 ASE Central Electronics

Astronaut Switch 5, when in the cloeckwise position precludes
inadvertent application of +29 Vdc operating power to the
ASE, thus removing the capability to arm and/or fire the

grenades or thumper.

9.4,2 Thumper

A. An initiator selector switch which selects for firing
only one initator at a time while shorting the leads of
all remaining initiators. This switch shorts all leads

when in the "0" or off position,

B. A definite two-step firing operation with a time delay

is required to srm and fire an initiator. After the

initiator selector switch is rotated from the "0O"

position to a numbe:=d position, the thumper is armed by
rotating the arm/fire knob L0 degrees and holding for a
minimum of 4 seconds. The selected initiator is then
fired by pressing the same knob, which discharges a
capacitor through the initiator. If the firing sequence

is stopped after the thumper is armed, the arm/fire control
returns to its normal unactivated position and automatically
discharges the arming capacitors in a matter of milliseconds.
This control is also designed so that the firing switch is

actuated only after the arming switch is activated.

C. The ends of the initiator mounted in the thumper base

which are exposed to the pressure and debris from adjacent
initiastor firings are covered with a costing of silicone
rubber for protection against sympathetic firing of other

initiators.
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Protection from direct exposure to the firing end of the
ASI is afforded by the impact plate on the bottom of the
thumper.

Deflection of all exhaust gases downward. (Refer to

Figure 9-2.)

Grenades

Two safe/arm switches, located on the mortar box. One
switch opens the arming circuit between the ASE central
electronics and the mortar box and shorts out the rocket
motor firing capacitors. The second switch provides a

short circuit across the grenade rocket motor initistors.

Grenade safety release assembly locks the grenades in the

launch tubes to prevent unintentional launching. The

safety release is removed by the astronaut prior to leaving

the deployment area.

A safe plate in each grenade provides a mechanical block
between the detonator and the high explosive. The safe
plate is held in place at all times when the grenade is in
the launch tube and is spring ejected at launch. Thus,
while the safe plate is in place, inadvertent detonator
ignition will not set off the high—explosive charge. In
addition, the safe plate maintains a microswitch in a
position which prevents the actuation of the grenade
thermal-battery output (refer to Para 9.4.3.D), and pro-
vides a low impedance path across the firing capacitors

to prevent a static charge buildup.
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Initiator Spring
Initiator

mounting
plate '9’

|

Pressure switch

“ Impact plate (not actuated) Deflector
Thumper base section
non-operating
r/
 bmad
*’\ -
Pressure switch (actuated) Exhaust gases

Thumper base section
operating

Figure 9-2. - ASE Thumper.
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The grenade thermal bétteries, the only source of énérgy
for high-explosive detonation, are inactive and shorted
while the grenades are in the launch tube. Safe-plate
ejection at launch actuates a switch which removes the
short and causes the discharge of a capacitor (charged
via the arm command) through the thermal battery match
thus activating the battery.

A time delay of approximately 8 seconds is required, after
thermal battery activation, before the high-explosive

initiator circuit is sufficiently charged.
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Figure 9-3, - ASE power profile,
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10.1.2

10.1.2.1

ALSEP 3
SECTION 10 BASIC

HEAT FLOW EXPERIMENT (SO37)

SYSTEM DESCRIPTION

Experiment Objectives

The heat flow experiment (HFE) measures the net outward flux

of heat from the moon's interior. Measurement of lunar heat

flux will provide:

A. A comparison of the radioactive content of the moon's
interior and the earth's mantle.

B. A thermal history of the moon

C. A lunar temperature-versus-depth profile

D. The value of thermal parameters in the first three meters

of the moon's crust.

When compared with seismic measurements, data from the HFE
experiment will provide information on the composition and

physical state of the moon's interior.

Major Components

The major components of the HFE are two sensor probes and an

electronics package as shown in Figure 10-1.

Sensor probes.— The probes consist of epoxy-fiberglass tubular

structures which support and house temperature sensors, heaters,
and the associated electrical wiring. Each probe has two sections,
each 55 cm (21.6 inches) long, spaced 2 cm (0.8 inches) apart

and mechanically connected by a flexible spring. The flexible
spring allows the probe assembly to be bent into a U-shape to

facilitate packing, stowage, and carry.

There is a gradient heat sensor surrounded by a heater coil at
each end of each probe section. Each of these two gradient

sensors consists of two resistance elements. These four
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resistance elements are connected in an electrical bridge circuit.

Ring sensors are located 10 cm (4 inches) from each end of each

- ‘probe section. Fach of these two ring sensors has two resistance

elements. These four resistance elements are connected into an
electrical bridge circuit. Also, foﬁr thermocouples are located
in the cable of each probe, identified and spaced as follows:
number one at the upper end of the probe, numbers two, three,
and four spaced 25, 45, and 65 inches up the cable from the end
of the probe.

Electronics package.~ The heat flow electronics package contains

six printed circuit boards which mount the functional circuits

of the experiment. An external cable reel houses the HFE/central
station cable and facilitates deployment. A sunshield thermally
protects the electronics package from externally generated heat.
Two reflectors built into the open ends of this sunshield aid in

“the radiation of internally generated heat that otherwise might

be entrapped under the sunshield. The electronics package is
thermally protected by multilayer insulation and thermal control

paint.

Deployment

The HFE is deployed with the two sensor probes emplanted in
the lunar surface in 3-meter (10-foot) boreholes. These holes
are drilled by the astronaut with the Apollo lunar surface
drill (ALSD). The two probes are connected by two multiple-
lead cables to the HFE electronics package which is deployed
separately from the ALSEP central station.

10-3 | -
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HFE MODES

The HFE performs its measurements in three basic modes of
operation: Mode 1 or Mode/G, Mode 2 or Mode/LK, and Mode 3
or Mode/HK.

Mode /G, Normal Gradient Mode

The normal gradient mode is used to monitor the heat flow in

and out of the lunar surface crust. Heat from solar radiation
flows into the moon during the lunar day and out of the moon
during lunar night. This larger heat gradient in the near

subsurface of the moon will be monitored and measured in order

. to differentiate it from the more steady but smaller heat flow

ouﬁwgrd from the interior of the moon.

Mode /LK, Low. Conductivity, and Mode/HK, High Conductivity

- Thermal conductivity of the lunar material is measured with

the principle of creating a known quantity of heat at a known
location by exciting one of the eight probe heaters, and measuring
the resultant probe ambient temperature and temperature
differentials for a period of time. Because it is not known
whether the surrounding material will have a low conductivity
(loosely consolidated material) or a high condugtiv;ty‘(solid:

vrock),‘the capability to measure over a wide range using two

.. modes of operation is incorporated into the HFE design.

Ambient_Temperature Measurements

Ambient temperature measurements are made at any gradient bridge
or at any one of the thermocouples spaced at four points along
each probe cable. In each probe cable, the thermocouples are
placed at the top gradient sensor and at distance increments

of 25, U5, and 65 inches above the top gradient sensor. The
reference junction for the thermocouples is mounted on the HFE

electronics package thermal plate.

10-k
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Mode/G.~ Normal (gradient) mode initiated by octal command 135
(gradient sensor excitation - no heater excitation). The heat
gradients (temperature differentials) and probe ambient tempera-~
tures are measured with the gradient sensors and the thermocouples
spaced along the two cables connecting the probes ta the
electronics Package. In each deployed probe, the temperature
difference between the ends of each of the two sections is
measured by the gradient bridge consisting of the gradient

sensors positioned at the ends of the probe section. Gradient
temperature differentials are measured in both the high

sensitivity and low sensitivity ranges.

Mode/IK.~ Low conductivity mode (ring source) initiated by octal
command 136 (gradient sensor excitation - low heater excitation).
The probe heater selected by octal command 152 receives low

power excitation and dissipates 2 milliwatts of power. The
thermal conductivity is determined by measuring the temperature
rise of the gradient bridge around which the selected heater is
located. The temperature which the heater must reach to dissipate
the power input is the measure of thermai conductivity of the
surrounding material. The low conductivity measurements areA

performed in the sequence selected by earth command.

Mode/HK.- High conductivity mode (heat pulse) initiated by octal
command 140 (ring sensor excitation - high heater excitation).
The probe heater selected by octal command 152 receives high
power excitation and dissipates 500 milliwatts of power. The
thermal conductivity is determined by measuring the temperature
rise at the ring bridge nearest the selected heater. The
temperature rise per unit of time at the known distance is the
measure of thermal conductivity of fhe surrounding material.
The high conductivity measurements are heat gradients in the
high sensitivity range and probe ambient tempera.tures.‘ The
bridge used in performing a measurement is determined by the

heater selected.
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9-01

TABLE 10-I. - HFE MEASUREMENT OPTIONS (MODES 1 AND 2)

135% | 135% | 135% | 135% | 135% | 135% | 135% | 135% | 135% | 135% | 135% | 135% | 135+ | 135« | 135*
Cmds and )
Order (Octal) 141 {141 1141 [141 | 141 | 142 V' 142 1142 | 142 | 142 { 143 { 143 | 143 | 143 | 143
Location/Name — j144 | 144 | - 144 — | 144|144 | — | 144 | — | 144 {144 | — | 144
Symbol - - 145 | 145 - - - 145 | 145 - - - 145 | 145 -
- - - 146 | 146 - - - 146 | 146 - - - 146 | 146
Temp grad high sens | DH-01 - '
Temp grad high sens | DH-02 E
Temp grad high sens [ DH-03 T 180 frame |
Temp grad high sens | DH-04 rep rate HFE Seq/P1
|
Temp grad low sens | DH-05
Temp grad low sens | DH-06 E =z HFE Seq/P2
- (o]
Temp grad low sens | DH-07 § S
Temp grad low sens | DH-08 n
Ll
Probe ambient temp | DH-09 L 16.out of
Probe ambient temp | DH-10 g 90 frames
Probe ambient temp | DH-11 £
Probe ambient temp | DH-12 <
Temp ref junction **DH-13 - 360 frame 90 frame
Probe cable temp (1) | #**DH-14,24,34,44 ) g tep rate rep rate
Temp ref junction **DH-15 720 framef tO
Probe cable temp (2) | ***DH-16,26,36,46 rep rate -
#ix Thermocouple group measurement
#x DH-13 and DH-15 are identical physical measurements separated in time by approximately 54 seconds
* Command 135 selects Mode 1, Command 136 selects Mode 2
TCV1 Group R-Bits TC2 Group
Symbol Data R2 R1 Symbol Data
DH-14 Ref TC—TC1 4) 0 0 DH-16 Ref TC-TC2
0 1
DH-24 TC1 “4) - TC1 (1) 1 0 DH-26 TC2 -TC, 1
DH-34 TC1 (4) - TC1 (2) 1 1 DH-36 T(.‘,2 - T02 (2)
DH-44 TC1 4) - TC1 3 DH-46 TCZ - TC2 (3)

JIsvg
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Interconnecting
cabling

section ing sensors
Flexible
spring
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Probe emplacement tool
before extension

Sunshield

Electronics
package

Figure 10-2. - Heat flow experiment.
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Figure 10-3. - Heat flow block diagram. n &
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Measurement
sequences for one
section of one probe

ATH (modes 1 and 2)

1.
2.
3.
4.

Meas 1 + pulse P/S
Meas 2 + pulse P/S
Meas 1 - pulse P/S
Meas 2 - pulse P/S

ATL (modes 1 and 2)

W

. Meas 3 +pulse P/S
. Meas 2 +pulse P/S
. Meas 3 -pulse P/S
. Meas 2 - pulse P/S

Differential temp (mode 3)

SN

Meas 4 +pulse P/S
Meas 5 +pulse P/S

. Meas 4 - pulse P/S
. Meas 5 - pulse P/S

Ambient temp (mode 3)

N

. Meas 4 +pulse P/S
. Meas 6 +pulse P/S
. Meas 4 - pulse P/S
. Meas 6 -pulse P/S

Id-— 2.4 sec —p
+4V 1
1.311.3
MS 1 MS |
ov — i S oy i
. | 1.3'1.3 Pulse
-4V I MS , MS power
+4V ! 1 supply
Meas 1 Meas 2 i 1 wave
bridge bridge 1 I forms
excitation output oV — I — i
Gradient :
sensor -4V 1
bridge
_’\c 20Q
| AYAAY; + then -
Pulse
: power
t 180 20 supply
AAAY, - then +
—e
Meas 4 Meas 5
bridge bridge Meas 3 Meas 6
excitation output bridge bti dge
current current

Ring
sensor
bridge

Figure 10-4. - Heat flow probe measurement sequences.
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